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“To our beloved lifelong companions and 
children, whose love, patience and constant 
support make every of our efforts a success” 


Functional surgery in oncologic and neuro-urological patients is one of the hardest 
tasks for urologists. The search for the ideal bladder replacement began as early as 
1855 when Tuffier reported his experience with ureterosigmoidostomy. The use of 
isolated bowel segments started to be investigated in the 1950s. In the following 
decades, detubularization and reconfiguration optimized functional results in terms 
of low-pressure reservoir with good neo-bladder capacity. Open surgery is routinely 
adopted. In this book, authors report advanced minimally invasive surgical options 
using laparoscopy or robotics. Such new approaches have been shown efficacy with 
low risk of adverse events in the short and medium follow-up. These promising 
outcomes should be confirmed in the long term and possibly improved by means of 
further technological innovations and surgical experience. 

Despite the amelioration of surgical techniques, stress urinary incontinence 
(SUD is still a prevalent complication after radical prostatectomy or radical hyster- 
ectomy. This issue is taken into account by authors reporting mini-invasive solu- 
tions in both genders. 

An overview of neurogenic dysfunctions and their specific treatment also in 
complicated clinical patterns such as the presence of pelvic floor pain and concomi- 
tant anatomical bladder outlet obstruction in chronic or progressive neurological 
disease is described in detail. 

Bladder augmentation is the last option in the management of neurological 
patients with high risk of upper urinary tract deterioration. In neurological popula- 
tion, the primary aim is to achieve a low-filling-pressure high-capacity reservoir, as 
the voiding phase is obtained by self-intermittent catheterization. Entero-cystoplasty 
remains the gold standard despite being associated with multiple complications, 
such as metabolic disorders, calculus formation, mucus production, enteric fistulas, 
and potential for secondary malignancy. Clearly, this is an area of unmet needs and 
search for novel solutions. 
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viii Foreword 


Editors and authors are to be commended for their efforts to outline contempo- 
rary reconstructive functional urologic surgery. 
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Marco Carini Walter Artibani 
Chief. of Urology Chief. Urology Unit, 
Unit — Oncology Department, University of Verona 
University of Florence, Verona, Italy 


Florence, Italy 


This second book of the Italian Urodynamic Society (SIUD) addresses functional 
aspects of the lower urinary tract. In particular, this manuscript presents preventive 
measures in oncological patients who have undergone demolitive surgery with the 
use of new robotic and/or laparoscopic technology, as well as new minimally inva- 
sive techniques for reconstruction or functional recovery. Interestingly, for some 
aspects, the approach for recovering micturition control is similar in oncological 
and neurological patients as reported in the second part of the book. On behalf of 
SIUD, we believe to have provided a precious contribution, thanks to the editors and 
all authors who are internationally known as experts on this field, to interested read- 
ers who want to understand more functional urological surgery and who want to get 
ideas for implementing their knowledge about current or developing minimally 
invasive surgical procedures in functional urology. In closing, special thanks go to 
all coauthors who contributed to the fulfillment of this project. 
I hope you will enjoy reading. 
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Part I 


Functional Urologic Surgery 
in Oncologic Patients 


Guido Carpino, Vincenzo Petrozza, 
and Samer Fathi Al-Rawashdah 


1.1 Pelvic Cavity 


The abdominopelvic cavity consists of the circular true (lesser) pelvis, wherein the 
urogenital organs lie, and the false (greater) pelvis which corresponds to the iliac 
fossae and is largely in contact with intraperitoneal contents. 

The limit between true and false pelvis is represented by the pelvic inlet, a plane 
passing through the promontory of the sacrum, the arcuate line on the ilium, the 
iliopectineal line, and the posterior surface of the pubic crest [1]. 

The walls of the true pelvic cavity consist of sacrum and bony pelvis, ligaments 
interconnecting these bones, and the muscles lining their inner surfaces. Inferiorly, 
the pelvic outlet of the true pelvis is closed by the pelvic diaphragm (floor) which is 
a muscular partition formed by the levator ani and coccygei muscles. The lateral 
walls of the true pelvis are composed of the bony pelvis and the obturator internus 
and piriformis muscles. 

The anterior and posterior iliac spines, the iliac crests, the pubic tubercles, and 
the ischial tuberosities are palpable landmarks that orient the pelvic surgeon [2]. 
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1.2 Pelvic Muscles 


The pelvic muscles form two groups: the first group is represented by piriformis and 
obturator internus which are also considered lower limb muscles and form the lat- 
eral wall of true pelvis; the second group is represented by levator ani and coccyg- 
eus which form the pelvic diaphragm and outline the lower limit of the true pelvis. 

Piriformis forms part of the posterolateral wall of the true pelvis [1]: proximally, 
it is attached to the anterior surface of the sacrum, then passes out of the pelvis 
through the greater sciatic foramen, and attaches to the greater trochanter of the 
femur. The anterior surface of piriformis is related, inside the pelvis, to the rectum 
and to the sacral plexus of nerves and branches of the internal iliac vessels, while the 
posterior surface lies against the sacrum. Obturator internus forms part of the 
anterolateral wall of the true pelvis [1]. It is attached to the structures surrounding 
the obturator foramen and to the medial part of the pelvic surface of the obturator 
membrane; it leaves the pelvis through the lesser sciatic foramen and attaches to the 
trochanteric fossa of the femur. Ischiococcygeus (or coccygeus) represents the most 
posterosuperior portion of pelvic floor and arises as a triangular musculotendinous 
sheet with its base attached to the lateral margins of the coccyx and sacrum and its 
apex to the ischial spine and sacrospinous ligament. Levator ani forms a large por- 
tion of the pelvic floor and is attached to the internal surface of the true pelvis. The 
muscle is subdivided into iliococcygeus, pubococcygeus, and puborectalis. Levator 
ani arises from each pelvic sidewall along the tendinous arch of levator ani (the 
condensation of the fascia of the obturator internus). [/iococcygeus forms the lateral 
portion of the levator ani attached to the inner surface of the ischial spine and to the 
tendinous arch of levator ani while, medially, it is attached to the lateral margins of 
the coccyx and to the anococcygeal ligament. Pubococcygeus represents the medial 
portion of the levator ani and is attached to the back of the body of the pubis and 
passes back almost horizontally. The most medial fibers run directly lateral to the 
urethra and its sphincter as it passes through the pelvic floor; here the muscle is 
named the puboperinealis, although due to its close relationship to the upper half of 
the urethra in both sexes it is often referred to as pubourethralis. The muscle fibers 
from both sides form part of the urethral sphincter complex together with the intrin- 
sic striated and smooth musculature of the urethra where fibers intersect across the 
midline directly behind the urethra. Then, the medial fibers run posteriorly and 
reach the anorectal junction and the deep part of the external anal sphincter, thus 
forming the puborectalis muscle. Posterior to the rectum, the fiber of the pubococ- 
cygeus crosses the midline forming a fibrous raphe, the anococcygeal ligament, 
which is attached to the coccyx. 


1.3 Pelvic Fascias 


The pelvic fascia is divided into the parietal pelvic fascia, which forms the cover- 
ings of the pelvic muscles, and the visceral pelvic fascia, which forms the coverings 
of the pelvic viscera and their vessels and nerves [1]. 
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Parietal pelvic (endopelvic) fascia consists of the obturator fascia, the piriformis 
fascia, the levator ani fascia (superior fascia of pelvic diaphragm), and the presacral 
fascia. The obturator fascia is connected above to the posterior part of the arcuate 
line of the ilium and is continuous with iliac fascia. Anterior to this, as it follows the 
line of origin of obturator internus, it is gradually separated from the attachment of 
the iliac fascia and a portion of the periosteum of the ilium and pubis spans between 
them. It arches below the obturator vessels and nerve, investing the obturator canal, 
and is attached anteriorly to the back of the pubis. Behind the obturator canal, the 
fascia is markedly aponeurotic and gives a firm attachment to levator ani, called the 
tendinous arch of levator ani. Piriformis fascia fuses with the periosteum on the 
front of the sacrum at the margins of the anterior sacral foramina where it enchases 
the sacral anterior primary rami. Levator ani fascia (superior and inferior fascia of 
pelvic diaphragm) covers both the surfaces of the pelvic diaphragm. On the lower 
surface, the thin inferior fascia is continuous with the obturator fascia laterally 
below the tendinous arch of levator ani. It covers medially the wall of the ischioanal 
fossa and extends below to give fasciae on the urethral sphincter and external anal 
sphincter. On the upper surface, it is attached anteriorly to the back of the body of 
the pubis and extends laterally across the superior ramus of the pubis, blending with 
the obturator fascia and continuing to the spine of the ischium. Presacral fascia 
forms a hammock-like structure behind the posterior portion of the rectal fascia and 
extends laterally to the origin of the piriformis and levator ani fasciae. Inferiorly, it 
reaches the anorectal junction, fusing with the posterior aspect of the rectal fascia 
and the anococcygeal ligament at the anorectal junction level. Superiorly, it can be 
followed to the origin of the superior hypogastric plexus. 

Visceral pelvic fascia is formed from thickenings of connective tissue, which are 
closely associated with the pelvic viscera to which it relates and with the neurovas- 
cular structures related to those organs. In its most inferior and lateral extent, the 
visceral pelvic fascia is closely related to, and derives from, the superior fascia over 
the attachment of levator ani, whereas, more superiorly and posteriorly, it is derived 
from part of the piriformis fascia [1]. 

The visceral pelvic fascia covers the pelvic organs including prostate, bladder, 
and rectum. Therefore, visceral pelvic fascias composed of individual organ fasciae 
(e.g., rectal fascia, prostatic fascia) and connective sheets between pelvic organs 
(e.g., rectoprostatic or rectovaginal fasciae) or linking pelvic organs with pelvic 
walls (e.g., pubovesical ligaments). The pubovesical (or puboprostatic) ligaments 
are paired fibrous bands originating from visceral fascia, stretching from the poste- 
rior surface of the pubic bone adjacent, to the urethral sphincter, and to the ventral 
prostate. They stabilize the prostate, urethra, and urinary bladder representing a part 
of the “suspensory system” of the continence mechanisms. 

On the lateral sidewalls of the pelvis, the parietal and the visceral pelvic fascia 
are fused at the level of the prostate and bladder; this fusion is named the fascial 
tendinous arch of the pelvis and extends from the pubovesical ligaments to the 
ischial spine. During surgery, access to the prostate may be gained by incision of the 
pelvic fascia either medial or lateral to this fusion. The incision of the pelvic fascia 
lateral to the tendinous arch of the pelvis leaves levator ani fascia adherent to the 
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prostate and the levator ani muscle bare. Differently, when the pelvic fascia is 
incised medial to the tendinous arch, the levator ani fascia is not separated from the 
levator ani muscle fibers and the prostate remains covered only by its visceral (pros- 
tatic) fascia. 


1.4 Perineum 


The perineum is a diamond-shaped region located below the pelvic floor, between 
the inner aspects of the thighs and anterior to the sacrum and coccyx [1]. It is 
bounded anteriorly by the pubic symphysis and its arcuate ligament, posteriorly by 
the coccyx, anterolaterally by the ischiopubic rami and the ischial tuberosities, and 
posterolaterally by the sacrotuberous ligaments. The deep limit of the perineum is 
the inferior surface of the pelvic diaphragm and its superficial limit is the skin. A 
line drawn through the ischial tuberosities divides the perineum into an anal trian- 
gle, which faces downwards and backwards, and a urogenital triangle, that faces 
downwards and forwards. 

Anal triangle is similar in males and females where the main difference is the 
wider transverse dimension of the triangle in females as a result of the larger size of 
the pelvic outlet. The anal triangle contains the anal canal with its sphincters and the 
ischioanal fossa with its contained nerves and vessels. 

Urogenital triangle is posteriorly delimited by the interischial line which over- 
laps the posterior border of the transverse perineal muscles. Anteriorly and laterally, 
it is delimited by the symphysis pubis and ischiopubic rami. In males, the urogenital 
triangle expands superficially to the scrotum and to the root of the penis. In females, 
it extends to the lower limit of the labia and mons pubis. The urogenital triangle is 
divided into two parts by the perineal membrane, a triangular membrane attached 
laterally to the ischiopubic rami with its apex attached to the arcuate ligament of the 
pubis. Deep perineal pouch is bounded deeply by the inferior fascia of the pelvic 
floor and superficially by the perineal membrane. Between these two layers lie the 
deep transverse perinei, superficial to the urethral sphincter mechanism and pubo- 
urethralis, and in females superficial to the compressor urethrae and sphincter 
urethrovaginalis. 


1.5 Pelvic Circulation (Arteries, Veins, Lymphatics) 
1.5.1 Arteries 


Common iliac arteries separate at the level of the sacroiliac joint into external and 
internal iliac arteries. Internal iliac arteries divide into an anterior trunk and a pos- 
terior trunk. Anterior to the artery is located the ureter and, in females, the ovary and 
fimbriated end of the uterine tube, while posterior to it are the internal iliac vein, the 
lumbosacral trunk, and the sacroiliac joint. 
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1.5.1.1 Posterior Trunk Branches 

Iliolumbar artery ascends anterolaterally to the sacroiliac joint and lumbosacral 
nerve trunk. It lies posterior to the obturator nerve and external iliac vessels and 
reaches the medial border of psoas major [1] where it divides into the lumbar and 
iliac branches (Fig. 1.1). The former supplies psoas major and quadratus lumborum 
and then anastomoses with the fourth lumbar artery. The latter supplies iliacus and 
then anastomoses between with the iliac branches of the obturator artery. Lateral 
sacral arteries are usually double: the superior artery passes into the first/second 
anterior sacral foramen, supplies the sacral vertebrae, and then leaves to supply the 
skin and muscles dorsal to the sacrum. The inferior sacral artery crosses obliquely 
anterior to piriformis and the sacral anterior spinal rami and then descends lateral to 
the sympathetic trunk to anastomose with its fellow and the median sacral artery 
anterior to the coccyx. Superior gluteal artery is the largest branch of the internal 
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Fig. 1.1 Arteries and veins of the pelvis 
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iliac artery and forms the main continuation of its posterior trunk. It runs posteriorly 
between the lumbosacral trunk and the first sacral ramus or between the first and 
second rami and then turns inferiorly, leaving the pelvis by the greater sciatic fora- 
men above piriformis and dividing into superficial and deep branches where it sup- 
plies, in the pelvis, piriformis, and obturator internus (Fig. 1.1). 


1.5.1.2 Anterior Trunk Branches 
Superior vesical artery lies on the lateral wall of the pelvis just below the brim and 
runs anteroinferiorly medial to the periosteum of the posterior surface of the pubis 
(Fig. 1.1). It supplies the distal end of the ureter, the bladder, the proximal end of the 
vas deferens, and the seminal vesicles. Inferior vesical artery may arise as a com- 
mon branch with the middle rectal artery. In the female, it is often replaced by the 
vaginal artery. It supplies the bladder, the prostate, the seminal vesicles, and the vas 
deferens. Middle rectal artery is often multiple and may be small. It runs into the 
lateral ligaments of the rectum. Obturator artery runs anteroinferiorly from the 
anterior trunk on the lateral pelvic wall to the upper part of the obturator foramen 
(Fig. 1.1). It leaves the pelvis via the obturator canal and divides into anterior and 
posterior branches. In the pelvis, it is related laterally to the fascia over obturator 
internus and is crossed on its medial aspect by the ureter and, in the male, by the vas 
deferens. The obturator nerve is above the artery, the obturator vein below it. Uterine 
artery is an additional branch in females and arises below the obturator artery on the 
lateral wall of the pelvis and runs inferomedially into the broad ligament of the 
uterus. Internal pudendal artery arises just below the origin of the obturator artery 
and it descends laterally to the inferior rim of the greater sciatic foramen, where it 
leaves the pelvis between piriformis and ischiococcygeus to enter the gluteal region 
(Fig. 1.1). Inferior gluteal artery descends posteriorly, anterior to the sacral plexus 
and piriformis but posterior to the internal pudendal artery (Fig. 1.1). Inside the 
pelvis, the inferior gluteal artery gives branches to piriformis, ischiococcygeus, and 
iliococcygeus and occasionally contributes to the middle rectal arterial supply. 
External iliac arteries descend laterally along the medial border of psoas major, 
from the common iliac bifurcation to a point midway between the anterior superior 
iliac spine and the symphysis pubis, and enter the thigh posterior to the inguinal 
ligament to become the femoral artery. 


1.5.2 Veins 


Common iliac vein is formed by the union of the external and internal iliac veins, 
anterior to the sacroiliac joints. 

Internal iliac vein is formed by the convergence of several veins above the greater 
sciatic foramen [1]. It ascends posteromedial to the internal iliac artery to join the 
external iliac vein, forming the common iliac vein at the pelvic brim, anterior to the 
lower part of the sacroiliac joint. It is covered anteromedially by parietal perito- 
neum. Its tributaries are: Superior gluteal veins are the venae comitantes of the 
superior gluteal artery and enter the pelvis via the greater sciatic foramen. Inferior 
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gluteal veins are venae comitantes of the inferior gluteal artery. They begin 
proximally and posterior in the thigh, where they anastomose with the medial cir- 
cumflex femoral and first perforating veins and enter the pelvis low in the greater 
sciatic foramen, joining to form a vessel opening into the distal part of the internal 
iliac vein. Obturator vein begins in the proximal adductor region and enters the 
pelvis via the obturator foramen. It runs posteriorly and superiorly on the lateral 
pelvic wall below the obturator artery and between the ureter and internal iliac 
artery and ends in the internal iliac vein. Lateral sacral veins run with the lateral 
sacral artery and are interconnected by a sacral venous plexus. Middle rectal vein 
begins in the rectal venous plexus, draining the rectum, and runs on the lateral pel- 
vic surface of levator ani to end in the internal iliac vein. 

External iliac vein is the proximal continuation of the femoral vein, posterior to 
the inguinal ligament, ending anterior to the sacroiliac joint where it joins the inter- 
nal iliac vein to form the common iliac vein. On its left, it is medial to the external 
iliac artery as on the right side where it tends to lean behind it as the artery ascends. 
The external iliac vein is crossed medially by the ureter and internal iliac artery 
(Fig. 1.1). In males, it is crossed by the vas deferens and in females by the round 
ligament and ovarian vessels. It tributaries are inferior epigastric vein, deep circum- 
flex iliac vein, and pubic vein. 


1.5.3 Lymphatic Drainage 


The pelvic lymph nodes are associated and accordingly named with the pelvic ves- 
sels around the common, external, and internal iliac arteries and veins. Common 
iliac nodes receive the entire lymphatic drainage of the lower limb draining both 
internal and external iliac nodes and lying in medial, lateral, and anterior chains 
around the common iliac artery. External iliac nodes are lateral, medial, and ante- 
rior to the external iliac vessels and receive the lymph from the lower limb, the glans 
penis or clitoris, the membranous urethra, prostate, fundus of the bladder, uterine 
cervix, and upper vagina. Internal iliac nodes surround the internal iliac vessels and 
receive the lymph from the pelvic viscera, the deeper parts of the perineum, and the 
gluteal and posterior femoral muscles. 


1.6 Pelvic Innervation 


The posterior abdominal wall contains the origin of the lumbar plexus and numerous 
autonomic plexuses and ganglia, which lie close to the abdominal aorta and its 
branches. The lumbar ventral rami descend laterally into psoas major and increase 
in size from first to last. The first three and most of the fourth form the lumbar 
plexus; the smaller moiety of the fourth joins the fifth as a lumbosacral trunk, which 
joins the sacral plexus. 

The pelvis contains the lumbosacral nerve trunk, the sacral and coccygeal 
plexuses, and the pelvic parts of the sympathetic and parasympathetic systems 
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(Fig. 1.2). Collectively, these nerves carry the somatic and autonomic innervation to 
the majority of the pelvic visceral organs, the pelvic floor and perineum, the gluteal 
region, and the lower limb. The ventral rami of the sacral and coccygeal spinal 
nerves form the sacral and coccygeal plexuses. The first and second sacral ventral 
rami are large, the third to fifth diminish progressively, and the coccygeal is the 
smallest. Each receives a gray ramus communicans from a corresponding 
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sympathetic ganglion. Visceral efferent rami leave the second to fourth sacral rami 
as the pelvic splanchnic nerves, containing parasympathetic fibers to minute ganglia 
in the walls of the pelvic viscera. 


1.6.1 Lumbar Plexus 


The lumbar plexus lies within the substance of the posterior part of psoas major, 
anterior to the transverse processes of the lumbar vertebrae and in “line” with the 
intervertebral foramina. It is formed by the first three, and most of the fourth, lum- 
bar ventral rami, with a contribution from the 12th thoracic ventral ramus. The first 
lumbar ventral ramus, joined by a branch from the 12th thoracic ventral ramus, 
bifurcates, and the upper and larger part divides again into the iliohypogastric and 
ilioinguinal nerves. The smaller lower part unites with a branch from the second 
lumbar ventral ramus to form the genitofemoral nerve. The remainder of the second, 
third, and part of the fourth lumbar ventral rami join the plexus and divide into ven- 
tral and dorsal branches. Ventral branches of the second to fourth rami join to form 
the obturator nerve. The main dorsal branches of the second to fourth rami join to 
form the femoral nerve. Small branches from the dorsal branches of the second and 
third rami join to form the lateral femoral cutaneous nerve. The accessory obturator 
nerve, when it exists, arises from the third and fourth ventral branches. The lumbar 
plexus is supplied by branches from the lumbar vessels which supply psoas major. 
Iliohypogastric nerve travels and divides between internal oblique and transversus 
muscles into lateral and anterior cutaneous branches, supplying both muscles. The 
first branch runs through internal and external oblique above the iliac crest and sup- 
plies the posterolateral gluteal skin. The second cutaneous branch runs through 
internal oblique approximately 2 cm medial to the anterior superior iliac spine and 
through the external oblique aponeurosis 3 cm above the superficial inguinal ring, 
distributing to the internal oblique and transversus abdominis and supplying sensa- 
tion over the lower anterior abdomen and pubis. /lioinguinal nerve passes across 
quadratus lumborum and the upper part of iliacus obliquely and, close to the ante- 
rior end of the iliac crest, enters transversus abdominis. It pierces and supplies the 
internal oblique muscle and then passes the inguinal canal below the spermatic cord 
emerging from the external inguinal ring to provide sensation to the mons pubis and 
anterior scrotum or labia majora. Genitofemoral nerve pierces the psoas muscle to 
reach its anterior surface in the retroperitoneum and then travels to the pelvis and 
splits into genital and femoral branches. The genital branch crosses the lower part 
of the external iliac artery, enters the inguinal canal by the internal ring, and supplies 
cremaster and the skin of the scrotum in males. In females, it accompanies the round 
ligament and ends in the skin of the mons pubis and labium majus. The femoral 
branch descends lateral to the external iliac artery and crosses the deep circumflex 
iliac artery, passing behind the inguinal ligament and entering the femoral sheath 
lateral to the femoral artery. It pierces the anterior layer of the femoral sheath and 
fascia lata and supplies the skin anterior to the upper part of the femoral triangle. 
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Femoral nerve descends through psoas major and then exits its lateral side to pass 
under the inguinal ligament. Lateral femoral cutaneous nerve of the thigh emerges 
from the lateral border of psoas major and crosses iliacus obliquely towards the 
anterior superior iliac spine. The right nerve passes posterolateral to the caecum, 
while the left nerve passes behind the lower part of the descending colon. Both 
nerves pass behind or through the inguinal ligament into the thigh. Obturator nerve 
emerges in the true pelvis from beneath the psoas muscle, lateral to the internal iliac 
vessels, and passes through the obturator fossa to the obturator canal (Fig. 1.2). It 
descends on the lateral wall of the pelvis attached to the fascia over obturator inter- 
nus and lies anterosuperior to the obturator vessels before running into the obturator 
foramen to enter the thigh. Accessory obturator nerve, when present, emerges from 
the medial border of psoas major and runs along this border over the posterior sur- 
face of the superior pubic ramus posterior to pectineus. It gives off branches here to 
supply pectineus and the hip joint. 


1.6.1.1 Lumbosacral Trunk and Sacral Plexus 

The sacral plexus is composed by the lumbosacral trunk, the first to third sacral ven- 
tral rami and part of the fourth sacral ventral ramus. The lumbar part of the lumbosa- 
cral trunk includes part of the fourth and all the fifth lumbar ventral rami and starts at 
the medial margin of psoas muscle and descends over the pelvic brim joining the first 
sacral ramus. The second and third sacral rami converge on the inferomedial aspect 
of the lumbosacral trunk in the greater sciatic foramen to create the sciatic nerve. The 
sacral plexus lies on the pelvic surface of the piriformis deep to the endopelvic fascia 
and posterior to the internal iliac vessels. It leaves the pelvis through the greater sci- 
atic foramen immediately posterior to the sacrospinous ligament and supplies motor 
and sensory innervation to the posterior thigh and lower leg. 


1.6.1.2 Pelvic Autonomic Plexus and Neurovascular Bundle (NVB) 
The presynaptic sympathetic cell bodies reside in the lateral column of gray matter, 
in the last three thoracic and first two lumbar segments of the spinal cord, reaching 
the pelvic plexus by two pathways: (1) the superior hypogastric plexus is formed by 
sympathetic fibers from the celiac plexus and the first four lumbar splanchnic 
nerves, and it divides, anterior to the bifurcation of the aorta, into two hypogastric 
nerves that enter the pelvis medial to the internal iliac vessels, anteriorly to the 
sacrum, and deep to the endopelvic fascia and (2) the pelvic continuations of the 
sympathetic trunks pass deep to the common iliac vessels and medial to the sacral 
foramina and fuse in front of the coccyx at the ganglion impar. Each chain com- 
prises four to five ganglia that send branches anterolaterally in order to create the 
pelvic plexus. Presynaptic parasympathetic innervation arises from the intermedio- 
lateral cell column of the sacral cord. Fibers emerge from the second, third, and 
fourth sacral spinal nerves as the nervi erigentes to join the hypogastric nerves. 
Sympathetic and parasympathetic components merge to form the pelvic plexus 
(or inferior hypogastric plexus) (Fig. 1.2), which is oriented in the sagittal plane on 
either side between the rectum and the urinary bladder. In the male, the pelvic 
plexus is responsible for the mechanisms of erection, ejaculation, and urinary 
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continence. Sympathetic fibers derive from the hypogastric nerve and are responsible 
for ejaculation; parasympathetic fibers, including nervi erigentes, derive from the 
pelvic and sacral splanchnic nerves. 

Branches of the pelvic plexus follow pelvic blood vessels to reach the pelvic 
viscera. The distal portion of the pelvic plexus innervates the prostate and the 
cavernosal nerves [3]. 

Fibers of the pelvic plexus are mostly located at the lateral side of pelvic organs 
(bladder neck, prostate, and the seminal vesicles) arranged in a cage-like fashion, 
whereas few fibers are found on the anterior surfaces of these organs. These nerves 
are hardly identifiable during surgical procedures. Interestingly, cavernous nerves, 
branches of the pelvic plexus, run close to the posterolateral surface and tips of the 
seminal vesicles and could be preserved by the accurate dissection of seminal 
vesicles during radical prostatectomy, thus reducing the degree and risk of 
postoperative complications [4]. From here, the pelvic plexus and cavernous nerves 
continue inferiorly and reach the lateral surface of the prostate. Here, the nervous 
fibers remain microscopic and are accompanied by vascular vessels; this complex of 
microscopic nerves and vessels is named neurovascular bundle (NVB). NVB 
provide innervation and blood supply to prostate; thus, its branches penetrate into 
the prostate capsule and tether the NVB to prostate. The organization of NVB is 
complex and disordered and its preservation (nerve-sparing procedure) represents a 
surgical challenge [5]. 


1.7 Pelvic Organs 
1.7.1 Pelvic Ureter 


The ureter is divided into abdominal and pelvic parts by the common iliac artery. 
The ureter is identified intraoperatively by its peristaltic waves and is found anterior 
to the bifurcation of the common iliac artery (Fig. 1.3). Once the ureters enter the 
pelvis, they spread along the pelvic sidewalls towards the ischial spines, then turning 
anteriorly and medially to reach the bladder. In males, the ureter is crossed anteriorly 
by the vas deferens and runs with the inferior vesical arteries, veins, and nerves in 
the lateral vesical ligaments. In females, the ureter passes medial to the ovarian 
vessels and then posterior to the uterine artery within the cardinal ligament. The 
ureter courses 1—4 cm on the anterior vaginal wall to reach the bladder [2]. 
Occasionally, a stone lodged in the distal ureter can be palpated through the anterior 
vaginal wall [2]. 

The ureter receives its blood supply from the common iliac artery and internal 
iliac artery through the inferior vesical and uterine arteries, and they all enter later- 
ally to the pelvic ureter; thus the peritoneum should be incised medially to avoid 
injury to its blood supply. Lymphatic Drainage is through external, internal, and 
common iliac lymph nodes; thus pathologic enlargement of these lymph nodes can 
obstruct the ureter. Innervation is from the hypogastric nerve and inferior hypogas- 
tric plexus. 


14 G. Carpino et al. 


Urinary bladder Urachus and 


median Medical umbilical fold and ligament 


(obliterated umbilical artery) 


umbilical fold 


Uterus 


Inferior epigastric vessels 


. (lateral umbilical fold) 
Round ligament 


of uterus 


Ovary 


Uterosacral ligament 
Broad ligament 


Suspensory ligament 
of ovary with 


Uterine (Fallopian) ovarian vessels 


tube 
Ureter 


Rectouterine pouch 
(cul de sac Douglas) 


Fig. 1.3 Female pelvic cavity and contents 


1.7.2 Urinary Bladder 


The bladder acts as a reservoir; it is a pelvic organ when empty and an abdominal 
organ when full, displacing the parietal peritoneum from the suprapubic region to 
make it possible to perform a suprapubic cystostomy without risking the entrance 
into the peritoneal cavity. Superiorly it is covered by peritoneum and has the median 
umbilical ligament (urachus) (Fig. 1.4) that extends from the apex to the umbilicus 
covered by the peritoneum to form the median umbilical fold. In males, posteriorly, 
the peritoneum separates it from the rectum forming the rectovesical pouch of 
Douglas (Fig. 1.4). Anteriorly it is separated from the transversalis fascia by fat in 
the space of Retzius that is an extraperitoneal space separating it from the pubic 
symphysis; this space provides access to the prostate during laparoscopic radical 
prostatectomy. In females, the peritoneum separates the uterus from the bladder 
through vesicouterine pouch superiorly and the uterus from the rectum through rec- 
touterine pouch (of Douglas) (Fig. 1.3), posteriorly. At the bladder neck, the detru- 
sor muscle forms the internal sphincter which is responsible of continence and, in 
cases of destroyed striated sphincter, it can maintain continence. This sphincter has 
abundant adrenergic receptors that close the bladder neck during ejaculation, and 
damage to the sympathetic nerves to the bladder, as a result of diabetes mellitus or 
retroperitoneal lymph node dissection, can cause retrograde ejaculation. In females, 
the bladder neck has limited sphincter function and little adrenergic receptors. The 
bladder is fixed inferiorly by thickenings of pelvic fascia attaching it to rectum, 
pelvic sidewalls, and pubic bone. The pubovesical ligaments extend from the blad- 
der neck to the pubic bones; in females they constitute the pubourethral ligaments, 
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while in males they constitute the puboprostatic ligaments. The bladder base has 
lateral and posterior ligaments in males; the lateral ligaments are the peritoneal 
reflections from the bladder to the pelvic sidewalls, while the posterior ligaments 
are the sacrogenital folds. In females, these ligaments are equivalent to cardinal and 
uterosacral ligaments (Fig. 1.3). Anterior to the bladder, there are three peritoneal 
folds on the abdominal wall: (1) median umbilical fold covering the median umbili- 
cal ligament (urachus), (2) two medial umbilical folds covering the medial umbili- 
cal ligaments (obliterated umbilical arteries) (Fig. 1.4), and (3) two lateral umbilical 
folds covering the inferior epigastric vessels (Fig. 1.3). 

The bladder is supplied by the superior and inferior vesical arteries from the 
internal iliac artery; it is also supplied by obturator, inferior gluteal, uterine, and 
vaginal arteries. Vesical veins join to form vesical plexus that drains into the internal 
iliac vein. Lymphatic drainage is mainly to external iliac lymph nodes and the 
remaining into obturator, internal iliac, and common iliac lymph nodes. Autonomic 
efferent fibers from the anterior portion of the pelvic plexus (the vesical plexus) pass 
up the lateral and posterior ligaments to innervate the bladder. 
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1.7.3 Prostate 


The prostate has an anterior, posterior, and lateral surfaces with an apex inferiorly 
and a base superiorly contagious with the bladder base. On the apex, the pubopros- 
tatic ligaments fix it to the pubic bones anteriorly. Anterolaterally, the prostatic cap- 
sule intermingles with the endopelvic fascia. The superficial branch of the dorsal 
vein lies outside this fascia in the retropubic fat and pierces it to drain into the dorsal 
vein complex. Laterally the prostate is related to the levator ani muscle and fascia 
(Fig. 1.5). The prostate is covered by a fibrous capsule; external to prostate capsule, 
a series of fascias are present and collectively called periprostatic fascias. 

In accordance with their location, the periprostatic fascias can be divided into three 
elements: the anterior, the lateral, and the posterior fascias. The anterior periprostatic 
fascia is associated with the anterior surface of the prostate and covers the so-called 
dorsal vascular complex, a venous plexus which drains blood from penile and urethral 
veins and contains small arteries from the inferior vesical artery. The lateral peripros- 
tatic fascia is disposed on the lateral surfaces of the prostate; it is composed of an 
external layer which corresponds to the levator ani fascia and an inner layer which is 
called the prostatic fascia. The prostatic fascia is a sheet of connective tissue covering 
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the prostate capsule and extending from the anterior to the posterior surfaces of the 
prostate. Interestingly, prostatic fascia passes medial to the NVB, while the levator ani 
fascia remains lateral. From a surgical point of view, the prostatic fascia forms an 
intrafascial plane between the fascia and the prostate capsule, while the levator ani 
fascia serves as the boundary for the interfascial plane. The prostatic fascia continues 
on the posterior surface of the prostate as posterior-prostatic fascia and is in continuity 
with the seminal vesicle fascia forming the so-called Denonvilliers’ fascia (or recto- 
prostatic fascia). Superiorly, the Denonvilliers’ fascia corresponds to the caudal end of 
the rectovesical pouch; inferiorly, it ends at the level of prostate-urethral junction in 
continuity with the central perineal tendon. Posteriorly, the Denonvilliers’ fascia is 
covered by the thin rectal fascia. Anteriorly, the Denonvilliers’ fascia is often fused 
with prostate capsule at the center of the posterior-prostatic surface; proceeding later- 
ally, the Denonvilliers’ fascia does not adhere to the prostatic capsule and the space 
between the fascia and the prostatic capsule is occupied by areolar tissue and NVB 
elements. Interestingly, no NVB elements are found lateral to levator ani fascia and 
posterior to the Denonvilliers’ fascia [6]. 

The prostate is made of 70% glands and 30 % fibromuscular stroma and has five 
lobes: anterior, posterior, median, and two lateral lobes. The glandular part has three 
zones: peripheral (70%), central (25 %), and transitional (5%) zones. The transi- 
tional zone is separated from the other zones by a thin fibromuscular band that gets 
compressed by benign prostatic hyperplasia arising from this zone to form the surgi- 
cal capsule that is seen during prostate enucleation, and it accounts for 20% of 
prostatic adenocarcinomas. 1—5 % of prostatic adenocarcinomas arise from the cen- 
tral zone, while the majority (70%) of them arise from the peripheral zone that is 
also the most common site of chronic prostatitis. The urethra traverses the prostate 
becoming the prostatic urethra that is divided into proximal and distal parts; it is 
lined by transitional epithelium. 

The prostate is supplied by the inferior vesical artery that gives two branches: 
urethral and capsular branches; the venous drainage is to the periprostatic plexus 
that receives tributaries from the deep dorsal vein of the penis (mainly) and vesical 
veins to drain into the internal iliac vein. The lymphatic drainage is mainly to the 
obturator and internal iliac lymph nodes with little drainage to the external iliac 
lymph nodes. Sympathetic and parasympathetic innervation from the pelvic (inferior 
hypogastric) plexus travels to the prostate through the cavernous nerves, sympa- 
thetic causes smooth muscle contraction and parasympathetic causes secretion. 


1.7.4 Membranous Urethra 


It is the least dilatable, narrowest, and the shortest (2-2.5 cm) part of the urethra. It 
extends from the apex of prostate to the perineal membrane. The wall of the 
membranous urethra consists of intrinsic smooth muscle part which is involuntary 
under autonomic control and extrinsic striated muscle part which is under voluntary 
control, and both parts form the external urethral sphincter. Urine continence at this 
level is mediated by (1) radial folds of the pseudostratified columnar epithelium of 
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urethral mucosa, (2) submucosal connective tissue, (3) intrinsic smooth muscle, (4) 
extrinsic striated muscle, and (5) puborectalis component of levator ani. The striated 
external urethral sphincter has a posterior fibrous defect and is inserted throughout 
its length into the perineal body; thus when the sphincter contracts, the urethral 
walls are pulled towards the perineal body to seal the urethra. The striated sphincter 
is surrounded by the dorsal vein complex anteriorly, levator ani laterally, and recto- 
urethralis and the perineal body posteriorly and is suspended anteriorly to the sus- 
pensory ligament of penis and posteriorly to the puboprostatic ligament from its 
anterior and lateral parts. Two bulbourethral glands are invested in sphincteric mus- 
cle and drain into the membranous urethra during sexual excitement. 

The striated sphincter has two sources of nerve supply: (1) pudendal nerve and 
(2) pelvic floor somatic efferent nerves from sacral plexus. Injury to this nerve at 
radical prostatectomy may contribute to postoperative urinary incontinence [7]. The 
intrinsic smooth muscle is autonomically innervated by cavernous nerve. 


1.7.5 Vas Deferens and Seminal Vesicles 


The vas begins from the tail of epididymis (scrotal or testicular part) and is 45 cm 
long; initially it is very tortuous for 2-3 cm then straights up as it ascends in the 
posterior part of the spermatic cord (funicular or spermatic part) and through the 
inguinal canal (inguinal part). At the internal inguinal ring, it leaves the cord to enter 
the pelvis (pelvic part, longest) lateral to the inferior epigastric vessels (Fig. 1.4) and 
passes medial to all the pelvic sidewall structures reaching base of the prostate pos- 
teriorly where it joins the seminal vesicle duct forming the ejaculatory duct. The 
ampulla of the vas is seen posterior to the bladder where its lumen becomes dilated 
and tortuous and it is capable of storing spermatozoa. 

The seminal vesicle is a single coiled tube that contributes to 85 % of seminal fluid 
volume and is found lateral to the vas and posterior to the bladder; both the vas and 
seminal vesicles are separated from the rectum by Denonvilliers’ fascia, posteriorly. 

The vas and seminal vesicles are supplied by vesiculo-deferential artery, a branch 
of superior vesical artery. During radical prostatectomy, this artery is encountered 
between the vas and seminal vesicle which should be ligated to avoid bleeding. 
Venous drainage is to the pelvic venous plexus and lymphatic drainage is to the 
external and internal iliac lymph nodes; they are innervated by sympathetic fibers 
from the pelvic plexus. 


1.7.6 Uterus, Cervix, and Ovary 


The uterus is found in the pelvis posterior to the bladder and uterovesical space and 
anterior to the rectum and rectouterine space. It is divided into (1) cervix, (2) body 
(corpus), and (3) fundus. The fallopian tubes extend laterally from the junction of 
the body and fundus and are divided into (1) uterine, (2) isthmus, (3) ampulla, and 
(4) infundibulum. The broad ligament is a two-layered folds of peritoneum that 
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connects the sides of the uterus to the pelvic sidewalls and floor and is divided into 
(1) mesometrium, (2) mesosalpinx, and (3) mesovarium. 

The ovary is found posterior to the tube and has two ligaments; the ligament of 
ovary fixes it to the lateral wall of the uterus, while the suspensory ligament of ovary 
(infundibulopelvic ligament) fixes it to the pelvic sidewalls carrying the ovarian 
vessels with it (Fig. 1.3). The round ligament originates at the uterine horns, leaves 
the pelvis through the internal inguinal ring passing through the inguinal canal, and 
attaches to labial fat pad (Fig. 1.3). The cardinal ligament attaches the cervix to the 
pelvic sidewalls by attaching to the obturator fascia; on the other hand, the uterosac- 
ral ligament attaches the uterus to the sacrum (Fig. 1.3). 

The uterine artery passes in front of the ureter running in the cardinal and broad 
ligaments and gives branches to supply the vagina, uterus, and fallopian tubes. 
During hysterectomy, great care must be taken during isolation and ligation of uter- 
ine artery to avoid injuring the ureter. The uterine veins run adjacent to the arteries 
and drain to the internal iliac vein, the uterine venous plexus anastomoses with the 
vaginal and ovarian venous plexuses. Lymphatic drainage is to external iliac, inter- 
nal iliac and obturator lymph nodes, innervation is mainly by pelvic plexus. The 
nerves and vessels travel through the cardinal and uterosacral ligaments to supply 
the female pelvic organs, and during hysterectomy, it can lead to atonic neurogenic 
bladder. 
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2.1 General Anesthesia for Laparoscopic Procedures 


Laparoscopic surgery is an established technique for minimally invasive surgery of 
the chest, abdomen, and pelvis, and it has been used in several surgical disciplines. 
Its early application was in gynecological surgery in the 1960s and 1970s. 
Laparoscopic surgery appeared to be advantageous compared to open, chest, 
abdominal, and pelvic surgery in reducing surgical trauma, lessening postoperative 
pulmonary complications, decreasing both postoperative pain, and ileus, allowing 
earlier ambulation and improving recovery times. From an economic standpoint 
these minimally invasive procedures decrease hospital stay and provide an earlier 
return to everyday activities. The disadvantages include longer anesthesia and surgi- 
cal times, a steeper learning curve, and higher equipment costs. 

Laparoscopic surgery is most commonly performed under general anesthesia with 
an endotracheal tube and controlled mechanical ventilation with American Society 
of Anaesthesiology (ASA) standard monitoring. Anesthetic goals during laparo- 
scopic surgery are as follows: decompression of the gastrointestinal tract with either 
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an orogastric tube or nasogastric tube, adequate skeletal muscle relaxation, manage- 
ment of the effects of pneumoperitoneum (resulting from the insufflation of carbon 
dioxide (CO,)), and Trendelenburg positioning with appropriate patient padding and 
positioning. These measures are designed to obtain an adequate exposure of the sur- 
gical field decreasing potential surgical trauma and intraoperative injury to the 
patient. The anesthetic goals are to improve surgical conditions optimizing the physi- 
ological response to cardiovascular, pulmonary, and CNS functioning; these condi- 
tions facilitate the surgeon to potentially decrease operative time and trauma [1]. 


2.1.1 Preoperative Evaluation for General Anesthesia 


The preoperative anesthetic evaluation of patients undergoing laparoscopic surgery 
involves a careful history and physical examination, focusing particularly on the 
airway as to predict difficult tracheal intubation (Mallampati classification). In addi- 
tion body mass index (BMI), medications, allergies, and patient position for the 
specific laparoscopic surgical procedure have to be considered. 


2.1.1.1 Is the Patient Eligible to Undergo Laparoscopic Surgery? 

A complete history and physical evaluation with careful examination of the airway, 
ASA status, paying particular attention to the optimization of cardiovascular and 
respiratory functioning, are necessary to determine whether the patient is eligible 
for laparoscopic surgery. The ASA physical status looks at the health condition of 
the patient classifying him/her from class I to class V, class I being the most healthy 
and medically optimized and class V being the higher surgical medical risk with 
highest chance of poor potential outcome or demise [2]. 


Cardiovascular and Respiratory Assessment 
Cardiovascular assessment of the patient for laparoscopic surgery involves a detailed 
history and physical outlining, hypertension, arrhythmia, heart disease and failure, 
previous heart attack, recent chest pain, and/or stroke-like symptoms, high choles- 
terol. It also involves observing the patient’s cardiovascular tolerance to activity, 
from regular to strenuous exercise. While the electrocardiogram (EKG) is mandatory 
in every patients, echo or stress test, Holter, arrhythmia monitoring, cardiac magnetic 
resonance imaging (MRI), or cardiac catheterization with emphasis on cardiac perfu- 
sion status and ejection fraction should be performed only if indicated. These results 
help in quantifying evidence of heart disease and functional ability of the heart. 

Pulmonary assessment of the patient for laparoscopic surgery involves a detailed 
history and physical outlining, smoking and tobacco use habit, shortness of breath, 
orthopnea, dyspnea, chest pain, asthma, bronchitis, chronic obstructive pulmonary 
disease (COPD), and emphysema. Testing for pulmonary status can involve chest 
x-ray and pulmonary function tests including the evaluation of patient’s respiratory 
functional status with the use of inhalers or supplemental oxygen, exercise toler- 
ance, and carbon monoxide diffusion testing. 

These tests can help quantify evidence of pulmonary disease and functional abil- 
ity of the lungs. 
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Usually a careful history and physical examination with emphasis on exercise 
tolerance evaluation of metabolic equivalents (METs) and the use of medications 
will give us enough information without further extensive testing. 


2.1.2 Intraoperative Management for General Anesthesia 


2.1.2.1 Effects of Positioning (Cardiovascular and Respiratory) 

In the anatomical supine position, cardiac output (CO) and venous return are gener- 
ally maintained. In the Trendelenburg position (head down), generally venous return 
and CO increase. During urological laparoscopy, despite the Trendelenburg posi- 
tion, venous return and CO are generally decreased, due to the addition of carbon 
dioxide in a pneumoperitoneum [3]. 

When the patient is placed in prolonged extreme Trendelenburg position with a 
pneumoperitoneum, a precipitous decrease in venous return from the head may 
result. This can lead to increased intracranial and intraocular pressures, thus causing 
cerebral edema and retinal detachment. Decreased venous return and venous stasis 
can also lead to cyanosis and edema in the face and neck. 

Respiratory effects of the Trendelenburg position (a tilt of 20-30°) include 
decreased functional residual capacity (FRC), atelectasis, ventilation perfusion 
(V/Q) mismatch, and potential hypoxemia and hypercarbia. Positive end-expiratory 
pressure (PEEP) may be used to increase intraoperative FRC and reduce intraopera- 
tive hypoxemia and postoperative atelectasis. 

Two other positions with physiologic impact are the reverse Trendelenburg (head 
up) and the lithotomy position. The reverse Trendelenburg position reduces venous 
return, which may lead to decrease in cardiac output and mean arterial pressure. The 
lithotomy position will induce autotransfusion by augmenting blood from vessels of 
the lower extremities into the central body compartment, which will consequently 
increase the venous return and preload to the heart. 


2.1.2.2 Effects of Pheumoperitoneum (Cardiovascular 
and Respiratory) 

Hemodynamic disturbances during laparoscopy are commonly the result of insuf- 
flation of the abdomen with carbon dioxide and pneumoperitoneum. Normal intra- 
abdominal pressure (IAP) is 0-5 mmHg. The pneumoperitoneum is created by 
insufflating the abdomen with pressures of 15-20 mmHg. Increases in IAP greater 
than 10 mmHg manifest themselves clinically, and IAP greater than 15 mmHg can 
potentially result in an abdominal compartment syndrome, which affects multiple 
organ systems [4]. 

The cardiovascular effects of pneumoperitoneum can be understood via the fol- 
lowing simple mathematical relationship, which expresses determinants of mean 
arterial pressure: 


Mean Arterial Pressure (MAP) = Cardiac Output (CO) 
x Systemic Vascular Resistance(SVR) 
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Even though pneumoperitoneum causes an increase in SVR while causing a 
decrease in CO, an overall MAP increase is witnessed because raising values of 
SVR exceed CO reduction. 

These effects are proportional to the increase in IAP. The cause for increased 
SVR is the distention of the peritoneum and compression of the abdominal organs 
and blood vessels. Resistance to flow through arterial beds is increased due to 
both mechanical (distention and compression as mentioned above) and concomi- 
tant neurohumoral factors (e.g., release of catecholamines and vasopressin and 
activation of the renin-angiotensin system as a function of decreased venous 
return and decreased preload). 

The pneumoperitoneum causes a decrease in CO for a number of reasons: (1) 
the decreased venous return (i.e., decreased cardiac preload) from compression 
of the inferior vena cava; (2) the increased resistance in venous circulation; and 
(3) hypovolemia due to possible preoperative bowel preparation and periopera- 
tive n.p.o. (nihil per os) status. CO typically reduces from 10 % to 30 %. However, 
despite a decrease in intracardiac blood volume, intracardiac filling pressures 
may be elevated due to the pressure transmitted across the diaphragm to the 
heart. Analogous effects in the pulmonary circulation manifest themselves as 
an increase in pulmonary vascular resistance (PVR) and decrease in CO to 
the lungs. 

Healthy patients appear to tolerate these hemodynamic effects well. Several 
studies show that end-organ perfusion is maintained in these patients despite a 
decrease in CO. However, patients with cardiac disease may be exposed to an 
increased risk for further cardiac impairment. Patients with intravascular volume 
depletion appear worse to tolerate these effects. To minimize these effects, the low- 
est insufflation pressure required to achieve adequate surgical exposure should be 
used. Deep neuromuscular block during laparoscopy may be useful to reduce the 
pressure of pneumoperitoneum and to optimize abdominal space. Ideally, insuffla- 
tion pressure should be less than 15 mmHg. Increases in SVR may be treated with 
vasodilating agents, centrally acting alpha-2 agonists or opioids. Decreases in 
venous return and CO may be attenuated by appropriate intravenous fluid loading 
prior to the induction of pneumoperitoneum. 

Pneumoperitoneum may alter renal function (reduced renal cortex and med- 
ullary blood flow, decreased glomerular filtration and creatinine clearance), thus 
reducing urine output. Mannitol and furosemide may be used to force urine 
flow. 

During radical prostatectomy, extraperitoneal insufflation may be intentional; 
however, carbon dioxide subcutaneous emphysema can develop as a complication. 
Carbon dioxide is readily absorbed, causing respiratory acidosis. Retroperitoneal 
insufflation may cause a major accumulation of CO). 

Close monitoring of the end-tidal CO, is required during the whole procedure 
performed under general anesthesia. Laparoscopic surgery may require the routine 
use of blood gas analysis for monitoring respiratory function, particularly in frail 
patients or when procedures last more than 2 h. 
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2.2 Central Blocks for Urological Endoscopic Procedures 


Spinal anesthesia involves the injection of local anesthetic (with or without opioids) 
into the subarachnoid space, resulting in an interruption of neural transmission 
impulses due to a conduction blockade of the spinal nerves, providing surgical anes- 
thesia in the regions from the upper abdomen to the lowest peripheral anatomy. The 
susceptibility to local anesthetics is dependent upon the type of nerve fibers that are 
being targeted for blockade. These nerve fibers, which vary in diameter, thickness of 
the surrounding myelin sheath, and function, are more easily blocked according to 
how permeable they are to the local anesthetic. The smaller, preganglionic B fibers, 
for instance, are easier to be blocked than the larger sensory C fibers. The blockades 
achieved will be sensory, motor, and sympathetic-altering. Sympathetic blockade will 
occur one to two segments above the level of sensory blockade, and motor blockade 
will occur one to two segments below the level of sensory blockade. The subarach- 
noid injection of local anesthetic can be a single injection or through an indwelling 
catheter to allow repeated doses to be delivered during a surgical procedure [5]. 


2.2.1 Preoperative Evaluation for Spinal Anesthesia 


The preoperative evaluation for a patient undergoing a surgical procedure receiving 
a central block is consistent with those who will be receiving a general anesthetic. 
The same vigilance in the history and physical assessment and airway classification 
must occur. The advantages of the subarachnoid blockade (SAB) over the use of a 
general anesthetic are to minimize the metabolic stress response to the procedure in 
patients with various comorbidities, to minimize intraoperative blood loss and/or 
the incidence of venous thromboembolic complications, and to allow an ongoing 
intraoperative neurologic assessment to identify developing symptoms of transure- 
thral resection of the prostate (TURP) syndrome, a collection of symptoms caused 
by excessive intravascular absorption of the irrigating solution, such as restlessness, 
confusion, and nausea [6]. 

Although these advantages exist for the use of SAB, absolute and relative contrain- 
dications must be considered prior to deciding between general anesthesia and SAB. 

Absolute contraindications are patient refusal, allergy to local anesthetics, 
increased intracranial pressure (ICP), unstable central nervous system disease, 
infection at needle insertion site, septicemia/bacteremia, severe hypovolemia, 
severe stenotic valvular heart disease, symmetrical septal hypertrophy, bleeding dia- 
thesis such as genetic (hemophilia) and acquired (disseminated intravascular coagu- 
lation — DIC), and patients receiving anticoagulation therapy. 

The absolute contraindications related to blood clotting processes are due to the 
associated risks of spinal hematoma, which may lead to acute and or permanent neu- 
rologic dysfunction. Because of these risks, a coagulation assessment should be 
included in the preoperative evaluation and may include one or more of the follow- 
ing: platelet count, bleeding time, activated clotting time (ACT), platelet aggregation 


26 F. Coluzzi et al. 


test, prothrombin time (PT), partial thromboplastin time (PTT), and international 
normalized ratio (INR) [7]. 

Relative contraindications are chronic headache/backache, severe deformities of 
the spinal column, untreated chronic hypertension, and minor abnormalities in 
blood clotting secondary to chronic aspirin therapy [6]. 


2.2.2 Intraoperative Management for Spinal Anesthesia 


Once preoperative assessment and surgical considerations have determined that 
regional anesthesia is the optimal choice for the patient, technique and pharmaco- 
logic management of the SAB must be determined. 

Placement of a SAB occurs in three principle positions: sitting, prone, and lateral 
decubitus. Maximal identification of midline and interspaces, baricity of the local 
anesthetic, the patient’s comorbidities, and his/her body habitus will have a factor in 
determining the optimal position. 

A typical SAB is performed in the lumbar region below the level of the spinal 
cord (L2-L3-L4) which should provide anesthesia to a dermatome level of the umbi- 
licus (T10). Various types and sizes of needles are available for the lumbar puncture, 
with a standard length of 3.5” (90 mm) and diameter ranges of 22—27 gauge 
(0.7-0.4 mm). The types of needle tips utilized are typically chosen based upon 
provider familiarity and preference. Types of tips available are cutting (Quincke) and 
pencil point (Sprotte and Whitacre), all beveled designed to puncture the dura with a 
minimal degree of post-puncture cerebral spinal fluid (CSF) leakage [8]. 

The level of spinal anaesthesia is dependent on the choice of local anesthetic, the 
dose administered, and its distribution within the subarachnoid space. Potency of 
local anesthetics is related to lipid solubility. The volume of the solution injected, 
the preexisting volume of the spinal subarachnoid space, the rate of the injection, 
and the effects of gravity determine the spread of the anesthetic solution. In addi- 
tion, the baricity (a physical characteristic) of the local anesthetic, defined as the 
ratio between the density of the local anesthetic solution and the density of the CSF, 
will also determine the distribution: hyperbaric solutions move with gravity, effect- 
ing the greatest anesthetic results in the dependent areas; isobaric solutions will 
remain at the level of injection; and hypobaric solutions rise, effecting the greatest 
anesthetic results in the nondependent areas [9]. 

Choice of agents include: 


Drug Duration (min) Dose (mg) 
Lidocaine 5 % 60-75 50-70 
Tetracaine 1 % 90-120 6-14 
Prilocaine 2 % 100-130 40-60 
Bupivacaine 0.75 % 120-150 10-14 
Hyperbaric bupivacaine 0.5 % 120-150 10-15 
Levobupivacaine 0.5 % 130-170 10-15 


Ropivacaine 0.5 % 140-200 15-20 
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Opioids, such as fentanyl or intrathecal morphine, may also be administered with 
or without the local anesthetic. When used in combination with a local anesthetic, 
their ability to produce intense analgesia for long durations makes them ideal for 
postoperative pain management. Overall duration of the SAB is dependent on many 
factors, such as tissue uptake, vascular absorption, perfusion at the site of action, use 
of a co-administered vasoconstrictor, and factors that affect the spread of the local 
anesthetic, as mentioned earlier [10]. 


2.2.3 Intraoperative Side Effects of Spinal Anesthesia 


Cardiovascular and respiratory complications can occur secondary to SAB. The 
most frequently occurring complication is hypotension, secondary to multifactorial 
reasons including decreased vascular resistance and diminished CO, preexisting 
hypovolemia or in those patients who have baseline systolic blood pressures typi- 
cally below 120 mmHg. Hypotension may also occur due to a sensory level block- 
ade above T4 and/or patients intraoperative position. 

There are also multifactorial reasons for bradycardia to manifest, indirectly caus- 
ing a hypotensive response, such as unopposed vagal tone from a high sympathec- 
tomy or a blockade reaching the level of the cardio accelerators (T1-T4). 

In addition to hypotension and/or bradycardia, an inadvertent vascular injection 
of local anesthetic, or a combination of a sympathectomy combined with overseda- 
tion, can lead to ventricular arrhythmias which may eventually lead to cardiac arrest. 

In the event that the local anesthetic reaches the level of the cervical spinal cord 
and brain stem, a total spinal is produced. Manifestations of a total spinal include 
severe hypotension and bradycardia, also leading to cardiac arrest. Other signs and 
symptoms include upper extremity weakness and loss of consciousness. 

Side effects related to a compromised state of ventilation can be associated with 
the combination of the subarachnoid block and narcotics used to assist in sedation 
or in the addition of intrathecal opioids. In the event of a high blockade and/or a 
total spinal, intercostal muscle paralysis will lead to dyspnea and the inability to 
cough, causing intraoperative hypoxia. 

In addition to these cardiovascular and pulmonary complications, the patient 
may also exhibit nausea and/or vomiting due to the unopposed vagal tone and/or the 
hypotension produced that will, in turn, decrease cerebral blood flow, effecting the 
chemotactic trigger zone. 


2.2.4 Postoperative Side Effects of Spinal Anesthesia 


Another potential side effect of SAB is urinary retention [11]. The SAB abolishes 
the sensation of urgency to void and also produces a total motor blockade of the 
bladders’ detrusor muscle, eliminating its ability to contract. This will result in post- 
operative retention, which will persist based upon the duration of the sensory block 
above the S2 and S3 sacral segments. 
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Post-dural puncture headache (PDPH) occurs when CSF leaks transdurally 
through the puncture hole created by the spinal needle, resulting in the brain shifting 
lower within the cranium, which causes traction on the meninges and pain-sensitive 
intracranial nerves. Therefore, the choices of spinal needle, in addition to the degree 
of provider experience, are determining factors in the likelihood of PDPH occur- 
rence. PDPH can occur up to 5 days post-puncture, depending on the patients’ intra- 
vascular volume status and their time to upright position and ambulation. Symptoms 
can range from mild to severe, including intense headaches (specifically related to a 
change in posture to erect or semierect), diplopia, tinnitus, and nausea. Management 
is typically and initially conservative, including bed rest, analgesics, and proper 
hydration. If the symptoms do not subside, the patient can receive caffeine, either 
orally or by intravenous route. When symptoms persist, an epidural injection of 
saline, or an autologous epidural blood patch, can be administered [12]. 


2.3 Anesthetic Assistance for Bladder Injection 
of Botulinum Toxin in Patients with Spinal Cord Injury 
(for Treatment of Overactive Bladder) 


The treatment of overactive bladder, secondary to neurogenic or idiopathic origins, 
has traditionally been managed by pharmacologic intervention with antimuscarinic 
agents [13]. Because of their lack of uroselectivity, these agents have accompanying 
systemic side effects that limit their usefulness. An effective alternative for the treat- 
ment of overactive bladder is the intradetrusor muscle injection of onabotulinum 
toxin A, a naturally occurring neurotoxin that inhibits the presynaptic release of 
acetylcholine, causing skeletal muscle paralysis. The toxin can be administered via 
a flexible or rigid cystoscope [14]. Anesthetic management can include a local anes- 
thetic (lidocaine 2% liquid and viscous) administered by the urologist, conscious 
sedation for more anxious patients, and general anesthesia for extremely anxious or 
sensitive patients and for neurogenic patients who are at high risk for autonomic 
dysreflexia. When general anesthesia is contraindicated, SAB with a local anes- 
thetic can be used. 
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Aurel Messas and Youness Ahallal 


3.1 Introduction 


Prostate cancer (PC) is currently being detected at an earlier clinical stage and 
smaller volume than 20 years ago, as a result of prostate-specific antigen (PSA) 
screening [1]. PSA screening has also resulted in earlier diagnosis and lower PC 
mortality as more and more patients present with organ-confined disease [2]. Thus, 
an increasing number of radical prostatectomy (RP) procedures have been per- 
formed over the years [3]. RP featured a high rate of complications and sequelae 
including blood loss, postoperative urinary incontinence, and erectile dysfunction. 
Postoperative urinary incontinence has been shown to be bothersome and has a 
relevant negative effect on the patient satisfaction and health-related quality of life 
(QoL) [4]. Nevertheless, the improvements in the knowledge of anatomy of the 
neurovascular bundles, the puboprostatic ligament, the posterior rhabdosphincter, 
the urinary sphincter, and the dorsal venous complex have led to an extraordinary 
improvement of the surgical technique and to the standardization of the retropubic 
RP [4—6]. Since Walsh’s contribution, many authors have shared important updates 
in order to optimize the surgical technique, with the purpose of reducing RP-related 
urinary incontinence [7]. 

Sixteen years ago, some authors started using the laparoscopic approach aiming 
to minimize damages to the anatomic structure in order to assure the urinary conti- 
nence [8]. In high-volume centers, laparoscopic radical prostatectomy (LRP) is 
associated with a 12-month urinary continence recovery up to 95 %, which is simi- 
lar to the outcomes of the open RP (ORP) [9]. 
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Robotic technology combining three-dimensional vision, optical magnification, 
and instruments with 7 degrees of freedom allows surgeons to perform meticulous, 
precise, and steady movements with a better preservation of the anatomical struc- 
tures involved in urinary continence. The 12-month urinary recovery after robotic- 
assisted radical prostatectomy (RARP) in high-volume centers ranged from 84 to 
97 % [9]. 

Authors evaluated invasiveness and tissue damage after open RP (ORP) and 
minimally invasive radical prostatectomy (MIRP). Four markers of acute-phase 
response (interleukin-6, interleukin-10, C-reactive protein, serum amyloid A) were 
evaluated before and after the procedure. They failed to show any statistically sig- 
nificant difference between the two approaches [10]. In contrast, Mikaye et al. 
reported a retrospective study evaluating tissue damage after open and laparoscopic 
procedures; they showed that the tissue damage markers were significantly lower in 
those patients treated laparoscopically [11]. 

Fracalanza et al. demonstrated in a single, nonrandomized, prospective trial that 
the tissue damage was significantly lower after RARP [12]. No paper evaluated the 
difference in tissue trauma determined by LRP and RARP so far. 


3.2 Factors Influencing Continence after Laparoscopic 
or Robotic Prostatectomy 


(a) Preoperative patient characteristics 
Preoperative patient characteristics and very likely surgeon experience are 
the main predictive factors of continence recovery after MIRP [13-15]. Obesity 
and prostate volume could affect the probability of recovering urinary conti- 
nence after RARP [13, 14]. Patient age, comorbidities, severity of lower urinary 
tract symptoms, and preoperative erectile dysfunction are significant predictors 
of urinary incontinence after MIRP [16, 17]. 
(b) Surgeon experience 
Controversy surrounds the issue of the impact of surgeon experience and 
learning curve on the continence recovery after RARP. Two major prospective 
trials demonstrated a significant increase of the continence rate after a 500 cases 
experience [15, 18]. Likewise, excellent results were also reported by many 
authors including less than 500 cases [17, 19, 20]. 
(c) Surgical technique 
— Posterior musculofascial reconstruction with or without anterior 
reconstruction 
The most investigated aspect of the reconstructive steps of the MIRP is the 
impact of posterior and/or anterior reconstruction on early urinary conti- 
nence recovery. At the beginning of the posterior reconstruction experience, 
two interrupted 3-0 Vicryl stitches were used to tie the cut end of the 
Denonvilliers’ fascia to the rhabdosphincter/median fibrous raphe on either 
side of the midline. This reconstructed plane was fixed to the posterior blad- 
der wall, 2 cm behind the bladder neck [4]. This maneuver aims at restoring 
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the length of the urethrosphincteric complex, preventing its retraction, and 
reducing the tension on the vesicourethral anastomosis. It may also provide 
a posterior wedge to the urethrosphincteric complex to help its effective con- 
traction. Gautam et al. did not find conclusive results in terms of early uri- 
nary continence recovery mainly because of the absence of a uniform 
surgical technique, continence definitions, and methods used in the few ana- 
lyzed studies comparing posterior reconstruction with the standard tech- 
nique [21]. However, in that article, some clinical series in which the 
posterior reconstruction was associated with an anterior restoration of the 
pelvis were included as well [22, 23]. 

In a prospective comparative study, Woo et al. reported a mean time to reach 
continence that was statistically significantly shorter in patients who under- 
went the posterior reconstruction [24]. In a nonrandomized prospective study, 
Coelho et al. evaluated the influence of a modified posterior reconstruction on 
urinary continence recovery | month after surgery [25]. 330 patients receiving 
a standard procedure had lower continence rates at | and 4 weeks after MIRP 
when compared to 473 patients having posterior reconstruction. Data at a lon- 
ger follow-up showed overlapping results between the two techniques [25]. In 
a meta-analysis of studies reporting urinary continence recovery after RARP, 
cumulative data showed a small advantage in favor of posterior reconstruction 
1 month after surgery [26]. On the other hand, cumulative analyses evaluating 
the effect of posterior reconstruction at 3 months and 6 months after RARP 
showed overlapping results between the two groups. 

Globally, there is evidence showing a small advantage favoring posterior 
reconstruction over the standard technique 1 month after surgery. This obser- 
vation is not confirmed at a longer follow-up raising questions about the real 
clinical benefit of this difference. Even though the positive impact of poste- 
rior reconstruction is lower than that initially assumed, the technique is sim- 
ple, quick, and reproducible and could support delicate anastomosis. 

Different anterior reconstruction techniques have been described. The most 
frequently used technique was reported by Steiner who showed the ventral 
fixation of the rhabdosphincter involving the puboprostatic ligaments bilater- 
ally and comprising a median suspensory system of the pubic arch [27]. 

In 2008, Tewari et al. described the total reconstruction of the vesicoure- 
thral junction technique combining the posterior reconstruction to the reat- 
tachment of the pubic arch to the bladder neck after completion of the 
anastomosis [23], and in the same year, Menon et al. described the double- 
layer urethrovesical anastomosis [22]. In 2009, Patel described the anterior 
reconstruction using the periurethral suspension stitch [28]. This technique 
was associated with significantly better urinary continence recovery at 
1 month and 3 months when compared to the standard technique. 

There is globally a small advantage in favor of total reconstruction in 
improving the early continence after MIRP. No differences were noted after 
a longer follow-up. The total reconstruction of the rhabdosphincter seems to 
offer some advantages to improve urinary continence recovery. 
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— Transperitoneal and extraperitoneal approach 

Chung et al. compared the urinary continence after transperitoneal and 
extraperitoneal RARP. One hundred five and 155 patients had transperito- 
neal and extraperitoneal RARP, respectively. 

Postoperative potency and continence rates were similar between the 
groups. The study showed overlapping results in terms of 3-, 6-, and 
12-month urinary continence recovery after both approaches; however, the 
extraperitoneal group had a faster recovery of continence compared with the 
transperitoneal group [29]. 

— Bladder neck preservation 

Bladder neck preservation significantly improved the continence recovery 
rates 3 months and 1 year after RARP in comparison with bladder neck 
resection and reconstruction. Such a difference was not confirmed 2 years 
after the procedure [30]. In a prospective comparative study, Finley et al. 
reported significantly better early urinary continence rates in patients who 
performed a hypothermic nerve-sparing dissection using cold irrigation and 
an endorectal cooling balloon cycled with 48-C saline in comparison with 
those receiving a standard procedure [16]. 

— Dorsal venous complex (DVC) management 

In a prospective nonrandomized comparative study, Lei et al. showed sig- 
nificantly better 6-month urinary continence rates in patients who underwent 
an athermal DVC division followed by selective suture ligation prior to anas- 
tomosis when compared to those receiving suture ligation before athermal 
DVC division. This advantage was not present at a longer follow-up [30]. 

— Use of barbed suture 

In a randomized controlled trial, Sammon et al. compared barbed versus 
standard monofilament suture for urethrovesical anastomosis; he reported no 
difference in urinary continence recovery at 1-month follow-up [31]. 

The use of barbed suture was recently proposed with the aim of reducing 
the time needed to perform the reconstructive steps of the RARP procedure. 
The study published by Sammon et al. in 2011 showed that the use of barbed 
monofilament suture was associated with overlapping urinary continence 
recovery in comparison with the standard monofilament [31]. 


3.3 Comparing Open, Robotic, and Laparoscopic Radical 
Prostatectomy 


The most critical issue in evaluating the impact of surgeon experience on the sur- 
gery outcomes is the impossibility of controlling for surgical skills and individual 
surgeon factors in building clinical trials. Similarly to open and laparoscopic sur- 
geons, robotic ones do not all have the same level of surgical skills, regardless of 
their experience. Thus, the learning curve is variable and depends on individual 
factors; it’s therefore difficult to generalize and gain a representative picture. 
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In most comparative studies, ORP was performed by many surgeons with varying 
levels of expertise. On the contrary, MIRP was usually performed by a small num- 
ber of highly experienced urologists. 

Many papers provided data on urinary continence recovery after ORP or 
LRP. Considering the fact that those studies included LRP patients at the initial lapa- 
roscopy experience (knowing the slow learning curve associated with the LRP learn- 
ing), the continence recovery was better after ORP [32]. Considering experience 
after the learning curve of LRP, the best evidence was in the paper from Touijer et al. 
who showed a statistically significant difference in favor of ORP; patients undergo- 
ing LRP had a higher risk of being incontinent. Patients who underwent LRP were 
less likely to become continent than those treated with retropubic ORP (HR 0.56 for 
laparoscopic vs. open radical prostatectomy) [33]. However, the cumulative analysis 
reported by Ficarra et al. showed the continence rates after ORP or LRP to be similar 
even when the evaluation was limited to only prospective studies [26]. 

Concerning the comparison between ORP and RARP, good evidence is provided 
by the paper from Tewari et al., who showed that the median time to continence was 
significantly shorter after RARP [34]. Kim et al. reported overlapping results 
between the two techniques. However, when the authors excluded the first 132 cases 
performed from the analysis, the median time to continence in RARP patients was 
significantly lower when compared to that reported in the ORP patients [35]. 

Ficarra et al. included five studies in the cumulative analysis evaluating the 
12-month urinary continence recovery after RARP or ORP [26]. The absolute risk 
of urinary incontinence was 11.3% after ORP (105 of 923 cases) and 7.5% after 
RARP (38 of 509 cases). Therefore, the absolute risk reduction was 3.8 %. Authors 
showed a significant advantage favoring RARP in the urinary continence recovery; 
the cumulative analysis showed a statistically significant advantage in favor of 
RARP (OR, 1.53; 95 % CI, 1.04-2.25; p=0.03) [26]. 

The only study comparing urinary continence after LRP and RARP failed to 
show any difference in the 6-month postoperative continence rates [36]. 

Data from the available comparative studies suggested that advantage in terms of 
urinary continence and erectile function might be present in patients having RARP 
compared with those having ORP. Specifically, quicker recovery of continence and 
potency were shown for patients having RARP compared with those undergoing 
ORP [35], while no significant differences were found in both outcomes comparing 
RARP with LRP [34, 36]. 

Ficarra et al. included five studies in the cumulative analysis evaluating the 
12-month urinary continence recovery after RARP or LRP [26]. The absolute risk 
of urinary incontinence was 9.6 % after LRP (29 of 302 cases) and 5% after RARP 
(22 of 436 cases). Therefore, the absolute risk reduction was 4.6%, and patients 
treated with LRP were more likely to be incontinent compared to those treated 
robotically. The cumulative analysis showed a statistically significant advantage in 
favor of RARP. 

The same authors demonstrated, for the first time, significant advantages for 
RARP in comparison with ORP in terms of 12-month urinary continence rates. 
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These results do not seem to be influenced by data coming from referral high- 
volume centers. 

In 2009, Hu et al. reported significantly higher urinary incontinence rates after 
MIRP in comparison with ORP. However, no differences were reported in the num- 
ber of procedures performed to treat that complication [37]. 

The same conclusions were drawn in a Surveillance, Epidemiology, and End 
Results (SEER) registry cohort of patients treated between 2002 and 2005. 
Therefore, the comparison between the different approaches was significantly lim- 
ited by the learning curve of the MIRP surgeons. Later, Barry et al. published a new 
population-based study analyzing 685 patients (>65 years old) who were treated 
with RARP or ORP during 2008. A cross-sectional analysis performed 14 months 
after surgery using a non-validated questionnaire showed similar results between 
RARP and ORP when it comes to urinary continence bother [38]. 

Nevertheless, many limitations have to be acknowledged in such a study: several 
MIRP surgeons were still probably in their learning curve, no baseline urinary func- 
tion was reported, all patients were >65 years of age, no information concerning 
surgical techniques was reported, and only a non-validated questionnaire evaluating 
bother was used [38]. 


3.4 Limitations 


We have to acknowledge upfront many limitations from a methodological point of 
view, limitations concerning the quality of the available studies, the definition of 
continence from one study to another, and the methods used for data collection. 
Regarding the continence definition, the most relevant confounding factor was the 
acceptance of the safety pad. Interestingly, Ficarra et al. proposed a standardized 
classification distinguishing patients not using pads (CO) from those using a safety 
pad (C1) or multiple pads (C2). This classification should be strongly considered in 
future studies in order to perform adequate comparative analyses [39]. 
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Antonio Carbone and Andrea Fuschi 


Radical cystectomy (RC) and urinary diversions (UDs) are difficult procedures in 
urology, especially when RC is performed by mini-invasive technique (laparo- 
scopic/robotic) and UDs are tailored intracorporeally. However, RC remains the 
best treatment option for muscle-invasive bladder cancer (MIBC) or high-risk non- 
invasive bladder cancer (NIBC) [1, 2]. Different UD procedures have their own 
indications and may present specific problems. In experienced hands and high- 
volume centers with rigorous standardized preoperative selection and systematic 
long-term follow-up, major complications can be avoided and excellent long-term 
results can be achieved. 

Primary goals in selecting a UD are to provide the lowest rate of perioperative 
complications and the highest postoperative health-related quality of life (HRQoL). 
Thus, either a timely start or completion of chemotherapy and the therapeutic goals 
is more likely to be reached. 

For this reason, a number of factors should be considered while counseling each 
patient to choose the best diversion. However, patients must be informed that intra- 
operative findings may dictate a change in the planned UD (e.g., positive urethral 
margin precluding orthotopic diversion). In fact, even when an orthotopic neoblad- 
der is planned, all patients should have a stoma site marked preoperatively by an 
enterostomal therapist in the event that orthotopic diversion becomes unfeasible. 

The most important factors to be considered can be divided in two categories: 
clinicopathological features of cancer and patient’ s individual features. 
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4.1 Clinicopathological Features 


According to the European Association of Urology (EAU) Guidelines, RC is rec- 
ommended for patients with MIBC T2-T4a, NO-Nx, and MO [3]. Other indications 
include high-risk recurrent superficial tumors (T1G3) or bacillus Calmette-Guerin 
(BCG)-resistant carcinoma in situ (Tis). Tumor stage can strongly influence the 
decision-making about continent or incontinent urinary diversion; in fact, even in 
case of positive lymph nodes, when the metastasis is in a single node of the true 
pelvis (N1), an orthotopic neobladder can still be considered [4]. Otherwise, the 
tumor involvement of the prostatic urethra in males and of the bladder neck in 
females should exclude an orthotopic UD. 


4.1.1 Locally Advanced Tumor Stage 


In the routine practice, for many urologists, a locally extensive disease may be a 
contraindication to perform an orthotopic diversion. This is due to two principal 
factors: 


1. Possible local recurrence in the neobladder 
2. Concern that these patients may shortly be affected by distant recurrence, 
doomed to a shortened life expectancy 


Radical cystectomy with bilateral pelvic-iliac lymphadenectomy (LND) pro- 
vides excellent local (pelvic) control of invasive bladder cancer. In the series by 
Stein et al. (2001), in 1,054 patients who underwent RC for bladder cancer with a 
median follow-up of more than 10 years, an overall local pelvic recurrence rate of 
79% was observed [5]. These results suggest that, even for patients suffering from 
locally advanced or positive lymph node disease, local recurrence is relatively infre- 
quent and should not necessarily preclude any form of UDs. Approximately 50 % of 
patients with advanced tumor extension and 30% of the patients with positive 
lymph node disease were still alive without evidence of cancer at 5 years of follow- 
up [5]. The EAU guidelines for muscle-invasive and metastatic bladder cancer [6] 
recommend RC as the standard treatment for localized MIBC in most Western 
countries [3, 5]. Nevertheless, recent interest in patients’ quality of life (QoL) has 
promoted the trend toward bladder-preserving treatment modalities, such as radio- 
and/or chemotherapy. Age and performance status (PS) should influence the choice 
of primary therapy, as well as patients’ own preference about the type of 
UD. Cystectomy should then be reserved to younger subjects without concomitant 
diseases and a good PS. In a multivariate analysis, Miller DC et al. confirmed the 
importance to assess the overall health status before recommending and proceeding 
with surgery [7]. This analysis found an association between comorbidity and 
adverse pathological or survival outcomes following RC [7]. Performance status 
and comorbidity have a different impact on treatment outcomes and must be inde- 
pendently evaluated [8]. 
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4.1.2 Urethral Tumor Involvement in Man 


Urothelial carcinoma in the urethral stump is one of the most important contraindi- 
cations for orthotopic UD due to the risk of a cancer recurrence involving neobladder- 
urethral anastomosis. In fact the involvement of prostatic urethra is associated with 
a higher risk for urethral tumor recurrence after RC. One of the first studies report- 
ing this statement was published in 1956 [9], and other authors confirmed this find- 
ing later [10-15]. The overall probability of urethral recurrence was estimated to be 
approximately 7% at 5 years and 9% at 10 years. Recurrences were observed at a 
median of 2 years after RC (range 0.2—13 years). The risk at 5 years was only 5% 
in patients with prostate tumor involvement compared with 11% for those without 
it [16]. Stenzl et al., in a large pooled analysis of 25 case series involving 3,165 
patients undergoing cystectomy for bladder cancer, reported 8.1% of anterior ure- 
thral tumor recurrences. This risk was related to the primary bladder cancer charac- 
teristics, including multifocality or tumor involvement of the trigone, bladder neck, 
prostate, upper urinary tract, and Tis in the bladder [17, 18]. The degree of prostatic 
involvement is of utmost importance to predict the risk of subsequent urethral recur- 
rence. We should, thus, consider three different possible pathological scenarios: 


(a) Urethral mucosa involvement (including Tis) 
(b) Ductal involvement with Tis 
(c) Prostatic stromal invasion 


Only urethral mucosa involvement appears to be not associated with increased 
recurrence. Patients presenting prostatic ductal and prostatic stromal involvement 
developed 25 % and 64% of urethral recurrence, respectively [12]. Levinson et al. 
in 1990 reported similar rates of recurrence while Hassan and colleagues in 2004 
reported a lower risk although based on a relatively short follow-up [13, 19]. 

All these studies confirm that prostatic stromal invasion is the single strongest 
pathological predictor of recurrence in the anterior urethra after RC for bladder 
cancer. Tis and tumor multifocality, on the other hand, do not appear to be associ- 
ated with a significant risk for it [16]. 

There is some debate regarding the importance to identify prostatic urethral 
involvement preoperatively. At the time of transurethral resection (TURB) of the 
primary bladder tumor, it might be useful to take deep transurethral resection biop- 
sies of the prostate, preferably at the 5- and 7-o0’clock positions lateral to the veru- 
montanum. This appears to be particularly important if the mucosa of the prostatic 
urethra looks suspicious or when primary tumor involves the bladder neck. Some 
authors have recommended these biopsies to be done routinely and have advocated 
repeating transurethral resection (TUR) before cystectomy in patients where this 
was omitted [20, 21]. Other authors disapproved this practice, stating that intraop- 
erative frozen section analysis is more accurate in predicting urethral recurrence 
rather than any other preoperative assessment, including prostate biopsies [22, 23]. 
Moreover it is questionable whether the supplementary information garnered by a 
repeated TUR with prostatic urethral biopsy justifies the risk of additional 
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anesthesia and the potential delay to definitive surgery. However, if an orthotopic 
UD is selected, the authors will depend, at the end, on the intraoperative frozen sec- 
tion of the urethral margin performed just under the verumontanum for the final 
decision. When there are positive lymph nodes, orthotopic neobladder can neverthe- 
less be considered in the case of N1 involvement (metastasis in a single node in the 
true pelvis) but not for N2 or N3 tumors [24]. 


4.1.3 Urethral Tumor Involvement in Women 


The concept of continent neobladder in men has led a number of investigators to 
evaluate the preservation of the urethra in women too. 

The studies of Stein and Stenzl were critical to expand urethral-preserving cys- 
tectomy to women with urothelial carcinoma. 

In the first study all female patients with an uninvolved bladder neck had also an 
uninvolved urethra [25]. Also the results of Stenzl confirm that the bladder neck 
involvement was the most significant risk factor for secondary urethral tumor in 
women [17]. In fact, approximately 50 % of patients with a bladder neck tumor had 
concomitant urethral involvement; moreover, increased grade of tumor, stage, and 
lymph node involvement were associated with the risk for urethral involvement, 
while the presence of Tis did not predict urethral spread. Another important risk 
factor for urethral recurrence in women is vaginal wall involvement that determines 
50 % of urethral extension [25]. 

These studies both concluded that the urethra could be safely preserved in selected 
female patients submitted to RC provided that neither preoperative biopsy specimens 
of the bladder neck nor intraoperative frozen section specimens of the proximal ure- 
thra demonstrate any tumor or atypia [17]. The shorter length of the female urethra 
resulting in a smaller area of transitional cell mucosa appears to be the reason of a 
lower incidence of urethral tumors in women. In addition, the area “at risk’ in the 
female urethra seems to decrease with increasing age being replaced by metaplastic 
squamous cells. In the sixth and seventh decades of life, when most bladder tumors 
occur, metaplastic squamous cell mucosa generally covers the entire urethra, the blad- 
der neck, and even a portion of the trigone [26]. For this reason, also in women, Stein 
et al. suggest that preoperative biopsy of the bladder neck or urethra is not necessary, 
but the decision to preserve the urethra may rely upon the intraoperative frozen sec- 
tion to take the final decision for orthotopic UD [25, 27, 28]. As previously mentioned 
for men, in the case of N1 involvement (metastasis in a single node in the true pelvis), 
orthotopic neobladder can still be considered but not for N2 or N3 tumors [4, 24]. 


4.2 Patient's Individual Features 


This issue includes the patient’s general health and social status, age, QoL, presence of 
a functional urethra, renal function, previous pelvic radiotherapy, prostate surgery, 
bowel disease/resection, and manual dexterity. Another important point is the 
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evaluation of the patient’s personal preference in relation to the risk of incontinence, 
need of self-catheterization, and management of an external device. The patient and his 
or her relatives must have a realistic understanding of the pros and cons of each type of 
UD before the concluding decision. Most patients prefer to opt for an orthotopic recon- 
struction because it seems the most “natural”; during the counseling they need to be 
informed that problems can occur with any type of UD and an honest, informed discus- 
sion, carefully explaining the various options of UD, must be addressed. 


4.2.1 Age 


Among the authors there is consensus on the fact that age cannot be considered an 
absolute contraindication for RC and UDs because other elements must be consid- 
ered first. Lance (2001), Clark (2005), and Sogni et al. (2008) reported the possible 
favorable outcome of continent UD in elderly patients that, although those treated 
by orthotopic technique may regain continence more slowly and have a higher rate 
of mild stress incontinence, they can achieve a good continence rate comparable to 
younger patients [29-32]. In these patients, the medical (renal, cardiac, pulmonary) 
comorbidities and other issues such as cognitive function and the possible patient’s 
support by caregivers should be considered. Certainly in a frail, sedentary, elderly 
person, a conduit may be easier to be managed for a caregiver than an orthotopic 
UD with a higher risk of daily clean intermittent catheterization and/or inconti- 
nence. Hereafter, keeping in mind all these considerations, an elderly patient 
<80 years may certainly be considered a possible candidate for RC and UDs even if 
orthotopic. 


4.2.2 Health-Related Quality of Life (HRQoL) 


Another reason for selecting a UD is the preservation of a “normal” body image. 
Many reports have emphasized improvements in various specific aspects of HRQoL, 
e.g., body image, with these reconstructive techniques; few formal studies have 
documented an improvement in overall HRQOL. In literature, there is no any evi- 
dence of better HRQoL outcomes in patients undergoing orthotopic than other types 
of UD. For example, the Vanderbilt group analyzed RAND 36-Item Health Survey 
(SF-36) and Functional Assessment of Cancer Therapy-General (FACT-G) ques- 
tionnaires from 29 pts with an ileal conduit compared with 42 pts with orthotopic 
UD [33]. Although they reported advantages in HRQoL for those receiving an 
orthotopic diversion, this cohort of patients had a younger average age, and this can 
be considered a bias. In addition, the Los Angeles (UCLA) group, by the University 
of California, produced a systematic overview of 15 published studies about HRQoL 
after RC and UD for bladder cancer [34] but none of them was randomized, except 
one prospective in its design. 

More specific experiences in literature focus on the assessment of QoL in 
patients submitted to RC and orthotopic UD. Siracusano in 2014 developed a 
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dedicated questionnaire, named “IONB-PRO” (IONB (ileal orthotopic neoblad- 
der)), and validated it performing a trial on 145 patients. The questionnaire showed 
a high level of internal consistency and reliability with an excellent discriminant 
validity. This tool may be used instead of not specific and generic questionnaires 
[35]. A subsequent Italian multicenter observational study based on this question- 
naire involving 174 subjects from January 2010 to December 2013 showed that 
age, urinary incontinence, length of follow-up, and comorbidity status may influ- 
ence postoperative HRQoL and should all be taken into account when counseling 
RC-IONB patients [36]. 

However there is no any worldwide consensus available to conclude that a better 
HRQoL is associated to any form of UD for the lack of long-term longitudinal stud- 
ies using reliable measures and validated instrument. 


4.2.3 Renal Function 


Two concepts should be considered regarding the possibility that renal dysfunc- 
tion may represent an important contraindication for continent neobladder 
reconstruction: 


(a) Patients submitted to UD are likely exposed to complications (hydronephrosis, 
neobladder-ureteral reflux) which could increase the risk of kidney failure; 

(b) Small-bowel mucosa, utilized for UD, may cause reabsorption of urinary elec- 
trolytes (urea, potassium, and bicarbonate) increasing the acid load that must be 
handled by the kidneys. Therefore, a compromised renal function may deter- 
mine hyperchloremic metabolic acidosis, worsening dehydration, uremia, nau- 
sea, and bone loss. 


Nowadays there is no a fixed level of acceptable renal function to choose dif- 
ferent diversions. Obviously, an acute upper urinary tract obstruction, caused by 
an external compression (e.g., by the tumor) and resulting in a transient rise of 
creatinine, often improves after cystectomy. Generally a serum creatinine <1.7— 
2.2 mg/dL (150-200 pmol/L) or an estimated creatinine clearance >35—40 mL/ 
min would be considered acceptable [3, 37]. However, decision must be made on 
any single case. 


4.2.4 Obesity 


Obesity is not a contraindication for this procedure. However, an increased BMI 
should be considered a specific risk factor both for surgical and anesthesiologic 
reasons due to several comorbidities associated with pathological condition (see 
Chap. 2). From a surgical point of view, the thickened bowel mesentery and the 
thick abdominal wall can make more difficult to perform an orthotopic diversion 
and also the creation of a stoma. 
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4.2.5 Manual Dexterity for Self-Catheterization 


Hautmann et al. (2007) stated that 10-50% of men and 30-50 % of women might 
need occasional or routine self-catheterization after UD [3]. Of course all patients 
receiving a continent pouch need clean intermittent catheterization (CIC) or other 
types of urinary collectors and, before surgery, have to be informed about this and 
extensively instructed regarding CIC management and the wide selection of devices 
on the market. 

In patients suitable for an orthotopic neobladder, it is generally impossible to 
predict which patients will require CIC to achieve a complete emptying. Partial or 
complete urinary retention can occur early or years after the procedure. For this 
reason patients eligible for continent UDs, ortho- or heterotopic, should have a suf- 
ficient manual dexterity to do CIC and be informed, counseled, and trained about 
devices and methods for it. It seems an obvious statement but the surgeon must 
consider that, when a cutaneous stoma is needed, the side position of it is condi- 
tioned to the manual dexterity (right/left handed). 


4.2.6 Previous Radiotherapy of the Pelvis 


Scarring around the rabdomyosphincter area is increased after previous external 
beam radiation (EBRT) and brachytherapy for prostate cancer in male or cervical 
cancer in female, in comparison with EBRT for bladder or colon cancer. In case of 
brachytherapy, the site of seeds implant can influence this possible consequence. 
Therefore, in these patients cystoscopy is mandatory for any eventually preopera- 
tive evaluation to assess the integrity of the mucosa around the area of the sphincter 
when an orthotopic UD is planned. However, it cannot be possible to exactly predict 
the degree of radiation damage that will be found at surgery. Thus, a careful intra- 
operative tissue assessment of the urethra, ureters, and bowel must be performed to 
make a final decision about the feasibility of orthotopic UD [38]. These patients 
should always be counseled preoperatively that an orthotopic diversion might not be 
possible. 

Stein et al. found that 8.5% of 1,471 patients who needed RC for MIBC had 
received radiation therapy for previous pelvic malignancy (e.g., prostate cancer) and 
that this exposure caused a more difficult surgical procedure, compromising wound 
healing and postoperative outcomes [5]. Ahlering et al., in a retrospective matched 
analysis, compared 86 patients undergoing RC with cutaneous continent diversion 
of which 44 had a history of prior radiation and 42 who did not [39]. They found no 
significant difference between irradiated and not irradiated patients in terms of 
operative time, blood loss, transfusion rate, and wound or ureteral complications 
[39]. Gschwend et al. concluded that high-dose pelvic irradiation should not be a 
primary contraindication for orthotopic UD with segments of the small intestine, 
considering the duration of hospital stay, perioperative complications, and early 
functional results. The postoperative course in this group did not differ from that of 
a control group of non-irradiated patients [40]. Bochner et al. analyzed a total of 18 
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patients who had failed radiation treatment (total minimum dose, >60 Gy) for blad- 
der or prostate cancer and had undergone orthotopic UD. They found similar opera- 
tive and postoperative outcomes in irradiated and non-irradiated patients and 
suggested that the orthotopic UDs appear to be safe, effective procedures that pro- 
vide a functional lower urinary tract in those patients in which definitive pelvic 
radiation therapy has failed [41, 42]. In conclusion, in eligible patients, orthotopic 
lower urinary tract reconstruction can be performed nevertheless previous pelvic 
irradiation. However, these are challenging procedures that clearly require technical 
expertise and well-equipped institution. 


4.2.7 Previous Prostate Surgery or Bowel Preoperative Status 


Previous abdominal or pelvic surgery (e.g., radical prostatectomy, RP) may also 
present challenges for the surgeon performing orthotopic UD, especially during 
the dissection around the proximal urethra or at the site of the prior vesicourethral 
anastomosis. Huang et al. in their experience with 1,900 cases found that the 
patients with a history of previous RP and a good postoperative continence had a 
fair chance of regaining good urinary control with the neobladder reconstruction 
after RC [43]. It should also be taken into consideration that in previous abdominal 
surgery, when multiple bowel resections have been done, the additional removal of 
45-60 cm of the small bowel to create a complex UD can cause chronic diarrhea or 
even a “short bowel syndrome.” In those patients an alternative UD to orthotopic 
neobladder can be indicated. Besides, even patients suffering from inflammatory 
bowel disease as ulcerative colitis, Crohn’s disease, or diverticulosis may be better 
served by a bowel conduit [44]. 


4.3 Laparoscopic Radical Cystectomy and Intracorporeal 
Urinary Diversion: Patient Selection, Techniques, 
and Outcomes 


4.3.1 Patient Selection 


Radical cystectomy with pelvic lymph node dissection (PLND) and UD is the gold 
standard treatment for MIBC [5]. 

Making a decision about the most appropriate UD to be selected for a single 
patient has to be considered an important and not an easy detail. All the abovemen- 
tioned clinicopathological and individual features of the patients have to be consid- 
ered, but the final program should be decided in total agreement with the patient 
during a complete and exhaustive counseling. 

In our institution according to the general health condition of the patients, the 
disease-specific condition, the expected free-disease survival, and the patient’s 
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expectation on postoperative QoL, we are used to suggest these diversions from the 
technically easier to the most difficult: 


Uretero —cutaneostomy — uretero — ileo — cutaneostomy > 
U-shaped orthotopic neobladder —> VIP — shaped orthotopic neobladder > 
Hemi — Koch pouch continent diversion 


From 2012 in our institution both cystectomy and diversions are performed by a fully 
intracorporeal laparoscopic approach similarly to the other major oncologic routine 
procedures for prostate and kidney cancers (see Graphs 4.1 and 4.2) [45]. 
Minimally invasive surgical approaches for cystectomy have been described 
since 1992, when laparoscopic radical cystectomy (LRC) was first reported [46, 47] to 
reduce morbidity and decrease the hospital stay. High costs, technical difficulties, 
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tough learning curve, and exhausting operative time hampered the immediate 
widespread adoption of these techniques [48], but now its broader use is being 
facilitated by the development of new dissection and hemostatic devices that 
simplify some surgical steps. This also assured better oncologic and functional 
outcomes [49]. 

The intracorporeal reconstruction of an orthotopic neobladder was described in 
2000 [50]. Since then, expertise with laparoscopic surgery has increased, with a 
greater interest in this procedure and the consequent report of different reconstruc- 
tive options. LRC and robot-assisted RC (RARC) with intracorporeal UD recon- 
struction have been demonstrated to be feasible, safe, and capable of providing 
many operative and functional advantages [51, 52]. 

In our institute the inclusion criteria for LRC + orthotopic UDs included: 


(a) MIBC (T2—-4a), NO-Nx, and MO 
(b) High-risk or recurrent non-muscle-invasive tumors or multifocal T1G3 
(c) T1G3 with concomitant carcinoma in situ (CIS) 


Patients are not considered eligible for these procedures in case of: 


(a) Refusal of LRC with orthotopic diversion 

(d) Oncologic contraindication to LRC including urethral tumor involvement or 
distant metastases 

(e) General contraindication to laparoscopy, as for the American Society of 
Anaesthesiologists (ASA) score >3, severe heart and/or respiratory failure 

(f) Specific contraindications to neobladder diversion as the presence of a urethral 
stricture, previous extensive abdominal surgery, or severely insufficient renal 
function 


We consider relative contraindications for LRC an age >75 years and a body 
mass index (BMI) >30. 


4.3.2 Techniques 


With the patient placed in a supine, steep Trendelenburg position (20—25°), pneu- 
moperitoneum (12 mmHg) is established. A five-port, fan-shaped, transperito- 
neal approach is used, according to the Hasson technique [53]. A standard 
bilateral pelvic lymphadenectomy is usually performed as the first step. The 
boundaries of standard PLND are the bifurcation of the common iliac artery, 
proximally; the genitofemoral nerve, laterally; the circumflex iliac vein and 
lymph node of Cloquet, distally; and the hypogastric vessels, posteriorly, includ- 
ing the obturator fossa. Extended PLND (in order to reach the aortic bifurcation) 
is performed in all cT3 cases and when computed tomography reveals a pelvic 
lymphadenopathy. 
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After PLND, the Douglas pouch is transversely incised, and the umbilical liga- 
ments and urachus are divided by a 5-mm radio-frequency device (Ligasure- 
Covidien, Boulder, CO, USA) allowing for entry into the Retzius space to mobilize 
the bladder. The ureters are isolated bilaterally, at the crossing with the iliac artery 
or with the deferens, and then clipped with a Hem-o-lok and transected with cold 
scissors, just outside the bladder; the distal margins of the ureters are also sent for 
frozen section biopsy. Deferens are transected bilaterally, and the seminal vesicles 
dissected and fixed to the bladder using a 5-mm Hem-o-lok (Teleflex Medical, 
Research Triangle Park, NC, USA). The Denonvilliers’ fascia is then incised, and 
the fatty space between the rectum and the prostate is developed. Endopelvic fascia 
is incised bilaterally, and the lateral pedicles of the bladder and prostate are divided 
using Hem-o-lok clips, cold scissors, and bipolar forceps; to prevent thermal injury 
to the neurovascular bundles, the apex of the prostate, urethra, and rectourethral 
muscles are divided using scissors. 

Puboprostatic ligaments and the dorsal vein complex are transected by 
radiofrequency. 

In youngest patients, willing to preserve erectile function, the endopelvic fascia 
is not incised bilaterally from the beginning but the virtual space within the prostate 
and the neurovascular bundle is developed from the seminal vesicle and prostatic 
base to the apex by cold scissor, bipolar forceps and titanium clips using an intra- 
fascial or interfascial plane. Then the neurovascular bundle is lateralized and the 
endopelvic fascia incised bilaterally to spare at the best the anterior aspect of the 
Aphrodite veil; the puboprostatic ligaments and the dorsal vein complex are dis- 
sected by radiofrequency (Fig. 4.1a, b). 


PC 


Fig. 4.1 (a) A schematic representation of visceral layer of the endopelvic fascia (EF) and of the 
prostatic fascia (PF). These two distinct fascias surround the prostatic capsule (PC). The virtual 
space within the prostate and the neurovascular bundles (NVB) is developed from the seminal 
vesicle and prostatic base to the apex without incising the endopelvic fascia bilaterally using an 
intrafascial or interfascial plane. (b) Intraoperative aspect of the posterolateral dissection of the 
prostate (see a). (PF prostatic fascia, AV Aphrodite veil, PC prostatic capsule) 
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4.3.2.1 U-Shaped Neobladder (U-n) Reconfiguration and Vescica 

lleale Padovana Neobladder (VIP-n) Reconfiguration 
For both reconfigurations, a 40-cm segment of the ileum, 20 cm from the ileocecal 
junction, is selected and transected. Ileoileal continuity is restored using Endo-GIA 
staplers (US Surgical, Norwalk, CT, USA). 

For the U-n the selected ileal segment is detubularized, and a globular U-shaped 
ileal neobladder is tailored approximating the two afferent and efferent loops of the 
ileum and suturing them by two subsequent charges of Endo-GIA staplers [45]. 

For the VIP-n reconstruction, the afferent and efferent loops of the selected ileal 
segment are approximated in a U shape with a longer left arm. Two holes are then 
opened at the caudal third segment of the U-shaped ileal loop, and through them, the 
distal funnel of the VIP-n is created by a single charge of Endo-GIA stapler. The 
two loops are, then, detubularized from the distal end to the operative holes, and the 
posterior baseplate of the VIP-n is reconfigured according to the Padua technique 
(Fig. 4.2) using a 3-0 barbed suture (Filbloc 90-day absorbable suture, Assut Europe, 
Rome, Italy). 

In both reconfiguration techniques, the urethra is anastomosed to the neobladder 
by two 3-0 barbed sutures (Filbloc 90-day absorbable suture, Assut Europe, Rome, 
Italy), 20 cm for the right side and 15 cm for the left side, using the Van Velthoven 
technique (Fig. 4.3a, b) [54]. 

The 20-cm longer stitch is used to suture the right side of the urethra to the right 
hemi-circumference of the neobladder neck, and the first four stitches are used to 
reapproximate the urethra to the neobladder neck performing a posterior 
reconstruction by a modified “Rocco stitch” [55] sewing the posterior aspect of the 


Fig. 4.2 A scheme of VIP-n reconstruction. The two distal third segments of the ileal loops are 
approximated, and, by a single charge of an Endo-GIA stapler, the distal funnel of the VIP-n is 
created. After detubularization of the ileum, the neobladder is tailored laparoscopically with a 
technique similar to “vescica ileale padovana” (Ur ureter, Fc Foley catheter, U urethra) 


4 Selecting Patients for Continent or Incontinent, Heterotopic or Orthotopic Diversion 51 


Fig. 4.3 (a) The figure shows the steps of the anastomosis between the neobladder funnel and the 
urethra, using two 3-0 barbed sutures (20 cm for the right side and 15 cm for the left side), by a Van 
Velthoven technique. The longer stitch is used to suture the right side of the urethra to the right 
hemi-circumference of the neobladder funnel. The first four stitches are used to reapproximate the 
urethra to the neobladder performing a posterior reconstruction by a modified “Rocco stitch” 
sewing the posterior aspect of the urethra to the residual Denonvilliers’ fascia (1, 2, 3, 4, 5 = sub- 
sequent passages of the same suture). (b) The urethra and the neobladder funnel are progressively 
approximated (3, 4, 5, 6, 7 = subsequent passages of the same suture) 


urethra to the residual Denonvilliers’ fascia and the latter to the posterior aspect of 
the neobladder neck. 

Each ureter is spatulated for a length of 2 cm and separately anastomosed to the 
terminal ends of the U-n ileal segment or laterally to the posterior baseplate of the 
VIP-n, using a simple Le Duc technique with continuous, 3-0 barbed sutures [56]. 
Two single-J, 7-Ch, 40-cm ureteral stents are inserted by a Seldinger technique 
using a 3-mm trocar or a MiniPort (Covidien) through the abdominal wall, at the 
midline, just above the symphysis [57]. Then the anterior aspect of the VIP-n or the 
operative opening of the U-n is closed with 3-0 Filbloc running sutures (Fig. 4.4). 

The entire procedures are performed intracorporeally. 

The reconstructed neobladder is irrigated at the end of the procedure to check a 
watertight closure, and any leak is secured with interrupted 2-0 Vicryl sutures. 
A drain is placed in the pelvis through a lateral port site. 

The postoperative care includes removal of the nasogastric tube on postoperative 
day 1, pouch irrigation every 8 h starting on postoperative day 1, and removal of the 
abdominal drain when the output is <50 mL/day. The ureteral stents are removed 
9 days postoperatively. The catheter is removed at 3 weeks if no leak is observed by 
a contrast medium evaluation. 

In our experience [45] none of the treated cases was converted to open surgery, 
and we didn’t have any perioperative mortalities. The median operating time was 
365 min, with a median blood loss of 290 mL, a transfusion rate of 26.6%, and 
median hospital staying of 9 days. Patients with non-organ-confined disease or posi- 
tive lymph nodes received adjuvant chemotherapy. 

According to the modified Clavien classification system [58], 26.2 % of patients 
had early complications, majority of them (87,5 %) presenting low-grade compli- 
cations (Clavien grades 1-2). Late complications occurred in 30% of patients 
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Fig. 4.4 A schematic scheme of VIP-reconstruction. After the ureteral-ileal and the urethral- 
neobladder anastomoses, the anterior aspect of the neobladder is closed with the two single-J, 
placed in the ureter passing through the neobladder wall (Ur ureter, U urethra, s-J ureteral stent) 


(two pts Clavien grade 3b). Low-grade complications occurred more frequently 
during the first 20 days postoperatively and significantly earlier when compared 
to high-grade complications. All high-grade complications occurred after at least 
32 days. The functional outcomes, specifically related to U-n reconstruction, were 
assessed by means of clinical and videourodynamic evaluation at 180 from sur- 
gery [59]. Daytime and nightime continence rates were 83.3 % and 73.3 %, respec- 
tively. The mean maximal neobladder capacity was 295 mL, with a mean post-void 
residual volume of 54 (range, 0-220) mL and a peak flow rate of 13.6 (9.7—33) 
mL/s. Three patients needed intermittent self-catheterization for significant 
chronic urinary retention (>150 mL). All these patients were also submitted to a 
rigorous oncologic follow-up (median 16.5 months, range 9-32). Eleven patients 
completed 2 years of follow-up. At the last outpatient visit, 73.3 % of pts were 
alive without evidence of recurrence, 6% of pts had both local recurrence and 
distant metastases, 3 % of pts had only local recurrence, and 3 % of pts had only 
distant metastasis. 16.6% of pts died from various causes (metastases, causes 
unrelated to the bladder cancer such as myocardial infarction or from a car 
accident). 

The functional follow-up of the VIP-n cohort is still ongoing, and therefore long- 
term results are not still available. 


4.3.3 Considerations 
Mini-invasive surgery has considerably improved over the last decade, with indica- 


tions now including difficult and prolonged procedures, such as RC [50, 60] with 
orthotopic neobladder reconstruction. 
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There is a significant variability in the results reported by various authors which 
reflects the difference in surgical expertise and the volume of performed proce- 
dures; this causes a lack of a consensus about the surgical technique and type of UD 
that can be preferable in laparoscopic surgery [61]. 

However data from literature support the laparoscopic management of localized 
MIBC and show acceptable operating time, intraoperative blood loss, hospitaliza- 
tion, and overall complication rate. 

Furthermore, recently some experiences with RC and UD performed by 
robotic approach have been published with encouraging results. In a prospec- 
tive, comparative analysis between LRC and RARC with ileal conduit, Abraham 
et al. reported that both LRC and RARC can be safely performed without com- 
promising oncologic standards for surgical margins or the extent of LND. The 
robotic approach appeared to have a shorter learning curve and to be associated 
with less blood loss, fewer complications, and an earlier return of bowel function 
than LRC [62]. 

Long-term oncologic and functional results of LRC and RARC are still not com- 
parable with those described in the case series of pts treated by open technique, being 
the experience with the mini-invasive approaches still limited in terms of population, 
length of follow-up, and surgical centers routinely performing these techniques. 

All these data should prompt the use of the mini-invasive approaches to perform 
RC and UD. In fact, compared to the open procedure, these techniques have three 
principal advantages: 


e Better operative view: this facilitates meticulous dissection and reduces injury to the 
pelvic floor structure improving the early postoperative recovery of continence. 

* Good hemostasis: the pneumo-peritoneal pressure contributes to reduce blood 
leakage. 

e No extracorporeal bowel exposure: this determines quicker postoperative func- 
tional recovery of the intestinal tract and decreases the incidence of related post- 
operative complications. 


All the laparoscopic and robotic surgeons agree that LRC as RARC with totally 
intracorporeal UD are procedures for trained equips and that a significant laparoscopic 
experience is mandatory to reduce the operative time and complication rate. Furthermore, 
patient selection, surgical strategy, and use of specific devices can be crucial to simplify 
some of the critical steps of these procedures. These aspects are essential to shorten the 
operation, which is mostly dedicated to the reconstructive phase. 

Of course, even if the experiences already reported in literature encourage the 
adoption of mini-invasive approaches to perform RC and UD, large cohort prospec- 
tive randomized multicentric studies are still lacking to produce unequivocal scien- 
tific evidence. 
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Giuseppe Simone, Michele Gallucci, and Inderbir Gill 


5.1 Background 


Minimally invasive approaches have dramatically modified perioperative outcomes 
of most urological surgical procedures. The development and standardization of 
laparoscopic radical prostatectomy have significantly reduced perioperative blood 
loss and transfusion rates. A review by Novara et al. demonstrated that robot- 
assisted radical prostatectomy further reduced perioperative transfusion rates com- 
pared with the laparoscopic approach [1]. 

Similarly, laparoscopic radical nephrectomy has been acknowledged as the stan- 
dard of care for most cT2-3 kidney neoplasms thanks to its significant impact on 
perioperative outcomes [2]. 

Available evidences from one randomized clinical trial (RCT) [3] and from two 
nonrandomized studies [4, 5] showed a significantly shorter hospital stay and lower 
analgesic requirement for the laparoscopic radical nephrectomy (RN) group com- 
pared with the open group. One of these studies also reported shorter convalescence 
[5]. All these studies reported significantly lower perioperative blood in the laparo- 
scopic arms [3-5]. 

In the only prospective randomized study comparing laparoscopic versus open 
nephroureterectomy for upper urinary tract urothelial carcinoma, laparoscopic 
approach was significantly associated with reduced blood loss and shorter hospital- 
ization (both p values <0.001) [6]. 
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On the contrary, with regard to radical cystectomy, perioperative morbidity, 
high-grade complication, and mortality rates of contemporary open radical cys- 
tectomy (ORC) series remain remarkable, with the overall complication rate 
ranging between 19 and 64 % in different series [7]. In a contemporary prospec- 
tive multi-institutional series, the incidence of severe (grade >3 Clavien) compli- 
cations approached 14% [8]. Most of these complications were not due to 
cystectomy itself while depending on the need to perform a meticulous pelvic 
lymph node dissection and, moreover, to create a urinary diversion (UD) using 
ileal or colonic segments. These steps require advanced surgical skills for intra- 
corporeal sutures and remain time-consuming also for highly experienced sur- 
geons. To reduce the morbidity of this procedure, as well as to latch on to the 
growing wave of minimally invasive surgery that has swept through urology in 
the past two decades, robotic-assisted radical cystectomy has gained interests in 
the past several years [9]. 

Radical cystectomy (RC) consists of three main steps: cystectomy, pelvic 
lymph node dissection (PLND), and finally urinary diversion (UD). The complex- 
ity of this procedure and, consequently, the perioperative complications are 
mainly related to the last surgical step. Notably, each one of these three steps is a 
complex surgical step itself; thus, performing the first two is certainly time-con- 
suming and technically demanding, especially at the beginning of the learning 
curve. As a result, in the development era of minimally invasive RC, UD was 
performed extracorporeally, in order to minimize the need for intracorporeal 
sutures, and besides it is reasonable to think that there was an overuse of inconti- 
nent urinary diversion due to the advanced skills required to perform either ortho- 
topic or continent cutaneous UDs. 

This process has not been free of consequences, since the goal of mini-invasive 
radical cystectomy (MIRC) should be undoubtedly a totally intracorporeal surgical 
procedure that has provided the known benefits reported above for other urologic 
procedures in terms of reduced intraoperative blood loss, accelerated recovery of 
patients, and minimal cosmetic impact. Whether this would turn into a significant 
clinical benefit for patients has not yet been established and is beyond the scope of 
this text. 

The aim of this chapter is the description of surgical steps of different UDs per- 
formed with robot assistance and an overview of available reports on perioperative 
and functional outcomes of published series. 


5.2 Surgical Technique 


Robot-assisted radical cystectomy (RARC) is a major urologic surgery. The first steps 
of this procedure consist on the removal of the bladder along with prostate and semi- 
nal vesicles in men and with uterus and ovaries in female patients. Usually, the PLND 
is performed as second step. A steep Trendelenburg position is specifically required 
for these first two steps only, in order to guarantee an adequate view of the surgical 
field. Later in the last step, the position is changed to 15° Trendelenburg, since a steep 
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Fig. 5.1 (a, b) Alternative options for ports’ placement 


position is not necessary for the accomplishment of UDs and may seldom contrast a 
tension-free anastomosis between the neobladder and the urethral stump. 


5.2.1 Port Placement 


In a review by Azzouni, the port placement was summarized as follows (Fig. 5.1a): at 
point C, a periumbilical 12 mm port is placed for the camera. Three 8 mm ports are 
placed at the right and left edges of the rectus abdominis (R and L) below the level of 
the umbilicus and approximately 5 cm above the left anterior superior iliac spine 
(position 4) for the right, left, and fourth robotic arms, respectively. At position A, a 
15 mm port is placed approximately 5 cm cranial to the right anterior superior iliac 
spine for passage of the Endo GIA™ stapler by the bedside assistant. A 5 mm port is 
placed midway between the camera and right robotic arm ports (position S) to be used 
by the bedside assistant for the passage of the laparoscopic suction/irrigation device. 
Basically, following this approach, the assistant works on the left bedside with a 5 mm 
port for the left hand and a 15 mm port for the right hand [10]. 

The following picture (Fig. 5.1b), instead, highlights an alternative port place- 
ment as reported by Papalia et al. [11]. 

The 12 mm camera port is placed more cranially, midway between the umbilicus 
and the xiphoid process. Essentially, the position of the camera port depends on the 
surgeon preference about the extent of PLND. The higher is the camera port the 
easier will be the exposure of aortic bifurcation during the PLND. 

This port placement allows the assistant to work with two 12 mm ports, one for 
each side. This is essentially done to allow him to have an easier access and a more 
comfortable use of motorized robotic staplers either for the management of both 
bladder pedicles or for the ileal resection and its side to side anastomosis or for the 
stapling of the orthotopic neobladder. An additional suprapubic MiniPort was 
placed to introduce guidewires and double-J stents. 


62 G. Simone et al. 


5.2.2 Cystectomy 


The goal of this surgical step is to remove the bladder entirely, avoiding any viola- 
tion of urinary tract and achieving negative soft tissue surgical margins. 

The prevention of any urine leakage during the procedure is mandatory in order 
to minimize the risk of tumor seeding into either the pelvic or the peritoneal cavity. 
Therefore, the respect of bladder integrity and a careful dissection of the urethral 
stump are key steps of an oncologically sound procedure. For this reason the ure- 
thral catheter is pulled back, and a Weck clip is applied in order to maintain the 
catheter balloon in tight junction with the bladder neck. 

The growing interest in performing “organ sparing” and “sex sparing” proce- 
dures has led to the development of conservative options either in male or in 
female patients undergoing RC. Since the description of these techniques would 
be beyond the scope of this text, we will quickly summarize these options and 
report some preliminary unpublished intraoperative pictures to support the feasi- 
bility of them. 

In male patients nerve-sparing RC has demonstrated to provide satisfactory func- 
tional outcomes with comparable oncologic efficacy in open series. Multiple options 
to spare the prostate gland, either partially or entirely, have been reported. All these 
techniques have certainly a positive impact on the sexual function preservation, 
although some authors have reported inferior oncologic outcomes in terms of local 
recurrence and distant metastasis rate [12, 13]. 

Sex-sparing RC in female patients is a viable option in young patients, especially 
for anteriorly located tumors where the total preservation of vagina does not affect 
cancer control. Several reports have supported feasibility, perioperative safety, and 
optimal functional outcomes in selected patient populations. 


5.2.3 Pelvic Lymph Node Dissection 


This surgical step is an integral part of the procedures. Omitting this procedure 
undermines staging accuracy and cancer control [14]. 

Despite a wide literature supporting the need for a meticulous PLND [15], pos- 
sibly extended up to the aortic bifurcation [16], the optimal extent of PLND is still 
under investigation. Two ongoing prospective randomized trials will hopefully pro- 
vide strong evidence in this field [17, 18]. 

The important message for readers is that robotic approach has demonstrated, 
since the development era, to provide adequate lymph node yield compared to open 
series. A meticulous PLND is feasible and safe during RARC and does not affect 
the entire duration of surgical procedure (60-75 min for an extended and a superex- 
tended template, respectively). 

An intraoperative view of the surgical field following an extended PLND is 
depicted in Fig. 5.2. It is clearly visible the aortic bifurcation, the presacral space 
completely dissected out from fat/lymphatic tissue and the iliac bifurcations. 
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Fig. 5.2 Intraoperative 
view of extended pelvic 
lymph node dissection 
template (upper boundary 
at aortic bifurcation, 
complete dissection of 
presacral nodes) 


5.2.4 Urinary Diversion 


The best candidates for ileal conduit, for orthotopic neobladder, or for continent 
cutaneous diversion are yet to be established. The WHO consensus has clearly high- 
lighted that “the primary patient factor is the patient’s desire for a neobladder.” 
Obviously, there are some absolute contraindications to orthotopic neobladder, 
including compromised renal function, disease location and extent requiring simul- 
taneous urethrectomy, and severe hepatic and intestinal function (i.e., inflammatory 
bowel disease). Keeping in mind the absolute ones, the relative contraindications 
include poor performance status and urethral strictures, which should be carefully 
considered during patients counseling. 

Continent cutaneous diversions (CCDs) are complex surgical procedures; the use 
of such options has some contraindications, such as the lack of manual dexterity, 
which could affect the ability of patients to perform self-catheterization. These 
options are commonly reserved to young female patients unfit for neobladder while 
highly motivated to avoid an incontinent stoma. 

However, a real benefit of either orthotopic neobladder or CCDs over the ileal 
conduit in terms of patients’ quality of life (QoL) has not been demonstrated, and 
ileal conduit certainly represents the most commonly used UD [19]. 

Published evidence does not support an advantage of one type of reconstruction 
over the others with regard to QoL. An important reason is probably that patients are 
subjected preoperatively to method-to-patient matching and thus are prepared for 
disadvantages and advantages associated with different methods. 


5.2.4.1 Orthotopic Neobladder 

Regardless of multiple orthotopic reservoirs described, in this text we will report about 
the totally intracorporeal Studer and Padua ileal neobladder models. Both these neo- 
bladders are created according to the milestone principles of detubularization and cross- 
folding of the ileum to guarantee a globular shape and a low-pressure reservoir. 
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Studer Pouch [20] 

The surgical steps of the open Studer pouch were integrally replicated with a total 
intracorporeal approach by the University of Southern California team. 
Approximately 60 cm of the distal ileum (44 cm for the pouch, 16 cm for the chim- 
ney) is chosen, about 15 cm proximal to the ileocecal junction. 

Two symmetrically aligned 22 cm ileal segments adjacent to each other are pro- 
visionally fixed to the urethral stump and the additional 15 cm of the ileum are used 
for the afferent limb as originally described by Studer et al. The 44 cm of the ileum, 
comprising the neobladder, is detubularized and the opposing edges of the posterior 
neobladder wall are aligned with several stay sutures and sutured in a watertight 
manner with 2-0 running barbed sutures. Once the posterior plate is complete, it is 
rotated 90° counterclockwise with caudal traction applied to the 3-0 suture to set up 
the urethroileal anastomosis. The distal Denonvilliers’ fascia is then approximated 
to the rectourethralis muscle to reduce tension on the urethroileal anastomosis. 

The urethroileal anastomosis is performed in a running fashion with a double- 
armed 3-0 Monocry] suture starting at the 6 o’clock position. With the posterior 
plate anastomosed to the urethra, secondary folding is accomplished by placing 
a midpoint horizontal mattress suture that divides the anterior suture line into 
two equal halves and aligns the edges for suturing. The anterior wall of the neo- 
bladder is closed with running 2-0 barbed sutures. A small opening is left in the 
anterior suture line to allow passage of bilateral ileoureteral stents and accom- 
plishment of ureteroileal anastomoses. Each ureter is spatulated and separately 
anastomosed to the afferent limb using the Bricker technique with continuous 
4-0 Vicryl sutures. 

After suturing the posterior wall, a 7F, single-J, ileoureteral stent is inserted 
through a suprapubic 2 mm MiniPort trocar, internalized, and secured to the urethral 
catheter with nonabsorbable sutures to facilitate stent removal approximately 
3 weeks postoperatively. 

Finally, the anterior closure of the pouch is completed in a running fashion using 
barbed sutures. 


Padua Ileal Bladder 

The most declive part of the ileum is chosen, at a variable distance (minimum 
20 cm) from the ileocecal valve with a length of about 42 cm. The division of the 
proximal ileum is made utilizing a single 60 mm stapler load, while the isolation of 
the distal extremity of the ileal segment is carried out with a 6-8 cm deep section of 
the “mesentery” using two consecutive stapler loads (60—45 mm). 

The optimal point of the selected bowel loop to create the neobladder neck is 
identified about 12—14 cm proximally to the distal ileal section edge after ensuring 
a tension-free approach to the urethral stump. 

The proximal half of the loop will configure the left base and the dome of the 
neobladder. 

Tleal segments utilized to tailor the neobladder are the following: 


e 10cm for the neck configuration 
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10cm 10cm 


16cm 


Fig. 5.3 (a-d) Main surgical steps of intracorporeal “vescica ileale padovana” 


A triangle having 8 cm length sides with the vertex at the neobladder neck: 


e 8 cm for the right plate 
* 8 cm for the left plate 
e A “U” folded 16 cm, resulting in an 8 cm segment for the dome 


A 10 cm inverted U-shaped neobladder neck is created with a stay suture approx- 
imating the ileum segment at 8 and 18 cm far from the distal ileum border. 

After detubularizing the 8 cm of the distal ileum along the antimesenteric border, 
motorized stapler arms are introduced through the two branches of the inverted 
U-shaped neobladder neck to approximate them and create the neobladder neck 
(Fig. 5.3a). 

Two stapler loads are required to detubularize and suture simultaneously the 
10 cm (5+5) of the ileum that structured the neck of the neobladder. 

Subsequently, the remaining 24 cm of the ileum are detubularized starting from 
the proximal ileal edge (Fig. 5.3b). 

The neobladder was now shaped as an 8 cm side equilateral triangle with the 
vertex at the inverted U-shaped neobladder neck (Fig. 5.3c). 

The right side of the triangle is formed by the distal detubularized 8 cm of the 
ileum. 
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The 8 cm proximally to the U-shaped neobladder neck, left unfolded, shape the 
left side of the triangle. 

The base of the triangle is finally shaped with staplers, folding the proximal 
16 cm of the ileal segment on itself and approximating the extremity of the folded 
segment to the right side of the triangle, thus creating the neobladder dome. 

Once the reservoir is externally shaped, the inner borders of the triangle sides are 
hand-sewn and the neobladder completed (Fig. 5.3d). 

The anastomosis between the neobladder neck and the urethral stump is per- 
formed according to a previously described technique, after cutting the reservoir in 
the most declive part of the neobladder neck [9]. A 22 ch hematuria catheter is used 
and the balloon is inflated with 5 cc of saline solution. 

Ureters are spatulated and passed through the posterior aspect of the neobladder. 
Ureteroileal anastomoses are performed according to Le Duc/Camey technique 
with 4-0 Monocry] interrupted sutures. Guidewires and 7F double-J stents are intro- 
duced through a suprapubic 2 mm MiniPort. 

Finally, the anterior aspect of the neobladder is hand-sewn with two serous- 
serous running sutures. 


Ileal Conduit 

Totally intracorporeal ileal conduit after RARC is certainly feasible, easier than ortho- 
topic neobladder and widely reproducible with shorter learning curve. In a recent con- 
sensus panel held in Pasadena, a group of experts recommended to perform ileal 
conduit reconstructions only in the first 20-30 patients of the learning curve. This is 
essentially due to the high morbidity and to the significant risk of high-grade complica- 
tions related to orthotopic UD. In a preliminary analysis of the first 100 patients treated 
with RARC and totally intracorporeal UD at “Regina Elena” National Cancer Institute, 
the incidence of high-grade complications (Clavien 3-5) in patients who received 
orthotopic neobladder was tenfold higher compared to those who received ileal conduit 
(unpublished data). Surgical steps of totally intracorporeal ileal conduit are exactly the 
same described in Chap. 4 about the laparoscopic approach. 


Indiana Pouch 
The so-called Indiana pouch (IP) is the most known and the only totally intracor- 
poreal CCD reported in literature. Continent cutaneous diversions are established 
options after RC; however, due to the complexity of surgical procedure and to the 
relatively poor number of patient candidates to such diversion, to date there is 
only a single report by Goh et al. about a totally intracorporeal ileocolonic pouch. 
We hereby describe surgical steps and preliminary perioperative outcomes of ten 
consecutive patients treated with totally intracorporeal RARC and IP (University of 
Southern California and “Regina Elena” National Cancer Institute). 
RARC and PLND are performed with a six-trocar access. Two additional ports 
are placed and the robot is re-docked laterally with the patient in left flank position. 
The following steps are replicated from standard open surgical techniques: 
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e 10cm of the distal ileum and 30 cm of the right colon are isolated. 

e Jleocolonic anastomosis is performed with a motorized stapler through the 
12 mm trocar on the right anterior axillary line. 

e 30 cm of the right colon is isolated, incised along the medial tenia up to 3 cm 
from the ileocecal valve and “U” folded. 

e The medial aspect of the folded colon is robotically sewn, and refluxing uretero- 
colonic anastomoses are performed on the posterior aspect of the pouch. 

e Double-J ureteral stents are inserted through a 2 mm Miniport and secured to a 
22-Fr hematuria catheter inserted through the appendix. 

e After closing the anterior aspect of the pouch, a 16-Fr Foley catheter is inserted 
through the umbilicus and into the efferent ileal limb. The catheter balloon is 
then inflated with 10 cc and placed into the colonic pouch. 

e The ileocecal valve is then reinforced with sutures, and a motorized stapler is 
inserted through the umbilicus to taper the efferent limb. 

e Finally, the efferent limb is extracted and the stoma created at the umbilical site. 


Median operative time was 60 min for cystectomy, 65 min for PLND, and 
210 min for pouch construction. No transfusions of any kind were needed and 
there were no major complications (Clavien II-V). Median hospital stay was 
9 days. Larger cohorts and longer follow-up are needed to confirm the feasibil- 
ity of this technique in other centers and to assess oncologic and functional 
outcomes. 


Ureteroileal Anastomoses 

The lack of strong evidence to support a specific ureteroileal anastomosis over the 
others has led to the adoption of different techniques. A WHO consensus confer- 
ence on UD has clearly highlighted the effectiveness and the positive benefits/com- 
plications ratio of simple end-to-side, freely refluxing ureterointestinal anastomosis 
to an afferent limb of a low-pressure orthotopic reconstruction compared to “con- 
ventional” antireflux procedures that are affected by higher complication and reop- 
eration rates without providing any functional advantage [19]. 


5.3 Perioperative Outcomes 


There is an increasing number of reports, unequivocally suggesting favorable peri- 
operative outcomes of RARC. In a recent review, the mean/median estimated blood 
loss ranged between 200 and 430 mL [21]. 

In a two-institutional report on 132 orthotopic neobladders (the UD with the 
higher incidence of perioperative complications), Clavien grade I, II, HI, IV, and V 
complications within 30 days were 7 %, 25 %, 13 %, 2 %, and 0 %, respectively, and 
between 30 and 90 days were 5 %, 9 %, 11%, 1%, and 2%, respectively [22]. 
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5.4 Oncologic Outcomes 


The major concern about RARC is about its oncologic non-inferiority compared 
to the standard treatment that is open RC. There are evidences supporting the 
midterm oncologic effectiveness of RARC: recently, in a multicenter analysis of 
more than 700 patients treated in 11 institutions with RARC, Raza et al. reported 
5-year recurrence-free survival (RFS), cancer-specific survival (CSS), and overall 
survival rates (OS) of 67 %, 75 %, and 50 %, respectively [23]. However, the rela- 
tively poor number of patients treated, with selection biases of a retrospective 
analysis and the lack of prospective randomized trials versus open RC, suggests 
caution when considering RARC equally effective as open RC in terms of onco- 
logic outcomes. Another interesting report from Gandaglia et al. on 155 consecu- 
tive patients treated at a single center reported poorer RFS rate (53.7%), with 
comparable CSS rate 73.5% and higher OS rate (65.2 %) [24]. Although these 
differences may be partially due to small sample sizes, they highlight the impor- 
tant role of selection criteria for RARC in determining a 15.2 % difference in the 
OS rate, and, more interestingly, among those 46.4 % of patients who experienced 
disease recurrence, 4% had peritoneal recurrence that is one of the warnings 
raised by detractors of RARC. 


5.5 Follow-Up Strategies 


Follow-up schedule after RC includes periodic visits, biochemical tests, and advanced 
imaging, such as CT and MRI. However, if such intensive follow-up schedule signifi- 
cantly impacts on patients, survival is still a matter of debate. Recently, Strope et al. 
nicely demonstrated that the receipt of follow-up care in the later follow-up period 
was associated with improved survival [HR 0.23, 95 % CI 0.15-0.35; 0.27, 95 % CI, 
0.18-0.40; 0.47, 95 % CI, 0.31-0.71, low, middle, and high tertile of expenditures, 
respectively], while an intensive imaging follow-up, usually applied in the first 
2-5 years after cystectomy, does not improve patients’ survival. Instrumental vari- 
able analysis suggested only doctor visits and urine testing [HRs, 0.96 (0.93-0.99) 
and 0.95 (0.91-0.99), respectively] improved survival [25]. 
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David T. Greenwald, Ryan W. Dobbs, Cristian Gozzi, 
and Simone Crivellaro 


6.1 Brief Overview of Stress Urinary Incontinence 
Following Surgical Intervention 


While male urinary incontinence may result from a variety of conditions including 
traumatic injuries, traumatic and acquired myelopathies, and congenital disorders 
affecting the nervous system, in the United States, the most common cause of 
incompetence of the external sphincter is due to complications following radical 
prostatectomy and cystoprostatectomy. The importance of the management of 
post-prostatectomy patients cannot be understated. Due to both the prevalence and 
favorable prognosis of organ-confined prostate cancer, these patients represent the 
single largest type of male cancer survivors, comprising over 40 % of all male can- 
cer survivors in the United States and a group of greater than 2.7 million men [1]. 
Contemporary studies of treatment utilization have shown that for men with clini- 
cally organ-confined prostate cancer, approximately half will choose prostatectomy 
as their primary treatment [2]. Comparisons for the exact rates of postoperative 
urinary incontinence between studies are difficult due to different study popula- 
tions, designs, and definitions for urinary incontinence. In part due to this variabil- 
ity, studies have reported an extremely broad range for the rate of post-prostatectomy 
incontinence from 2.5 to 87% [3]; however, more contemporary advances in 
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surgical techniques including the introduction of robot-assisted radical prostatectomy 
(RARP) as compared to the classical retropubic prostatectomy (RRP) have led to a 
number of studies [4—6] to report more favorable incontinence rates with minimally 
invasive surgery with published rates of incontinence at 1 year ranging from 4 to 
31% following RARP with a mean incontinence rate of 16% utilizing a “no pad” 
definition for continence [6]. Some studies have suggested that this improvement 
may have important clinical implications to patients in regard to surgical treatment 
for urinary incontinence following RP. Carlsson et al. [7] performed a prospective 
analysis of 1,253 RARP and 485 RRP patients which demonstrated significantly 
lower rates of surgical intervention following prostatectomy with 0.5% (n=7) of 
RARP patients requiring placement of an AUS, while 2.2 % (n=11) patients in the 
RRP cohort required surgical treatment. 

A number of factors influence postoperative urinary incontinence following RP 
including surgical approach, specific surgical techniques, and patient factors [8]. In 
general, patients should be counseled to utilize pelvic floor muscle exercises 
following prostatectomy as well as to expect a progressive improvement in postop- 
erative urinary continence following surgery [9-11]. Several randomized studies 
[12, 13] have demonstrated the effectiveness of pelvic floor rehabilitation following 
catheter removal as the first-line noninvasive treatment for post-prostatectomy 
incontinence. Electrical stimulation and biofeedback in conjunction with pelvic 
floor rehabilitation have been also evaluated; however, the results of these studies 
have not demonstrated an improvement in outcomes [14], and presently these 
adjuncts are not recommended in available guidelines [15]. While the majority of 
patients do regain continence, a subset of patients will have persistent urinary issues 
following surgery, and patients should be counseled that these symptoms may 
present several years following their initial treatment. At a 5-year follow-up, Penson 
et al. [16] noted 14% of 1,288 men post-RRP reported frequent urinary leakage or 
no urinary control, a greater proportion than the 10% of patients reporting similar 
symptoms at the 2-year follow-up. Similarly, a 10-year follow-up after RRP has 
shown declines in urinary function from 2 to 8 years and small but significant 
declines from 8 to 10 years [17]. While these declines may represent the conse- 
quences of aging in an elderly male population, they represent a significant clinical 
concern for both urologists and patients. 

In the case of cystectomy and orthotopic neobladder, postoperative urinary 
incontinence can be attributed to many variables, including age, surgical indication, 
prior treatments (such as radiation or previous transurethral resection of the pros- 
tate), and specific surgical technique. There are many reported series which outline 
post-cystectomy incontinence, although they vary with their definition of inconti- 
nence, the technique used to collect information (chart review, telephone interview, 
anonymous questionnaire), and the length of follow-up [18]. 

Nearly all these series include a gradual improvement in daytime continence 
over the first 6-12 months post-op, and a persistent nighttime incontinence reported 
in 20-50% of patients. Steers [19] reported an average daytime incontinence of 
13% from a pooled analysis for 2,238 patients with varying forms of orthotopic 
neobladder, with age over 65, the use of colonic segment, and lack of nerve-sparing 
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technique as risk factors for incontinence. Results from a multivariate analysis of 
331 male patients who underwent cystoprostatectomy with ileal neobladder cor- 
roborated that patients younger than 65 and those with nerve-sparing technique 
have a much higher rate of daytime continence [20]. Nerve-sparing technique, how- 
ever, is less advantageous with bulkier tumors or tumors on the posterior bladder 
wall, trigone, or bladder neck due to increased risk of positive surgical margins 
(which can be fatal). 

Nighttime incontinence is noted in an average 28 % of neobladders [19] — rang- 
ing 7-70 % — but generally improves over time as the functional capacity increases 
and the absorptive capacity of the mucosa improves — which is attributed to a rever- 
sal in the normal antidiuretic effect of nighttime [21]. Nighttime incontinence may 
improve as late as 24 months postoperatively [22, 23]. 

Orthotopic neobladder enlargement may take 6-12 months post- 
cystoprostatectomy, until which the management of urinary incontinence should be 
delayed [23, 24]. Initial therapy of post-cystectomy incontinence includes physical 
therapy with biofeedback focused on pelvic floor muscles [25]. Urodynamics may be 
utilized to assess neobladder capacity and evaluate for a reduction in maximal ure- 
thral closure (or low Valsalva leak pressure) — in which situation transurethral bulk- 
ing agents may be considered for mild incontinence. Artificial urethral sphincter 
provides more definitive management of moderate to severe post-cystoprostatectomy 
incontinence [26]. 

For patients with persistent or severe urinary incontinence who demonstrate no 
improvement in symptomatology for 6 months postoperatively, it is reasonable to be 
evaluated for surgical treatment of incontinence with a detailed history and physi- 
cal, urinalysis and urine culture, ultrasound to determine post-void residual (PVR), 
cystoscopy, and urodynamics. Patients who demonstrate a significant sphincter 
defect and who report bothersome clinical symptoms should be referred for surgical 
treatment of postoperative incontinence. Some authors [15] suggest utilizing a vali- 
dated questionnaire such as the International Consultation on Incontinence 
Questionnaire Short Form [27], the UCLA/RAND Prostate Cancer Index Urinary 
Function Score [28], the Patient’s Global Impression of Improvement [29], or the 
Incontinence Impact Questionnaire Short Form [30] to help quantify the degree of 
bother and help stratify patients toward an appropriate treatment. 


6.2 Traditional Open Approach to the Treatment of SUI 
Following Prostatectomy and Cystectomy (i.e., AUS) 


Patients who are evaluated for surgical correction of postoperative incontinence 
have a number of possible surgical treatments. The artificial urinary sphincter (AUS) 
represents the gold standard treatment for moderate-severe urinary incontinence, 
prior failed AUS or sling procedures, patients with abnormal anatomy, or those with 
prior radiation or salvage treatment. Patients with previous radiation therapy 
followed by salvage treatment represent a particularly difficult patient population 
given high rates of incontinence in published studies following salvage treatment 
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[31] and should be treated with AUS given studies that have shown equivalent com- 
plication rates between patients who were treated with and without prior radiother- 
apy [32]. Additionally, patients with detrusor hypocontractility on pressure-flow 
urodynamics may not be able to generate enough force to overcome the fixed resis- 
tance of a compressive male sling and may be preferentially treated with AUS. 

While the AUS represents an excellent surgical treatment for postoperative uri- 
nary incontinence, it does represent a fairly invasive and significant surgical inter- 
vention with potentially significant complications. Lai et al. [33] found that 
complications associated with AUS implantation included infection (5.5%), ero- 
sion (6.0 %), mechanical failure (6.0 %), urethral atrophy (9.6 %), and surgical revi- 
sion or removal (27.1 %) in a group of 270 patients undergoing AUS placement at a 
high-volume surgical center by a single surgeon. 

An increasing body of literature has also identified the role of patient frailty and 
comorbidities in contributing toward postoperative surgical complications [34, 35]. For 
implantation of the AUS, prior studies have shown that increased comorbidities includ- 
ing hypertension, coronary artery disease, prior radiation treatment, and previous AUS 
revisions are at a higher risk for AUS cuff erosion [36]. While further research is neces- 
sary to identify how comorbidities impact AUS outcomes, patients with significant 
medical issues or less significant bother may benefit from a more minimally invasive 
approach to the treatment of their postsurgical urinary incontinence. 


6.3 Minimally Invasive Approaches to Treating SUI 
Following Prostatectomy and Cystectomy 


6.3.1 History 


The management of urinary incontinence dates back in recorded history to the time 
of the Egyptians, with urinary incontinence being a known complication associated 
with spinal cord injuries, surgical intervention for bladder stones [37]. While the 
initial options for the treatment of urinary incontinence consisted of a variety of 
pharmacologic compounds or external devices designed to place pressure on the 
bulbar urethra, the first surgical treatment for postoperative urinary incontinence for 
a male was credited to Hugh Hampton Young who in 1907 performed a combined 
transvesical and perineal approach repair with exposure of the bladder mucosa, 
denuding the trigone and placating the bladder wall with deep sutures. While open 
surgical treatments for postoperative urinary incontinence have dramatically 
improved over the last 100 years, especially with the development of the gold stan- 
dard treatment, the artificial urinary sphincter, a number of more minimally invasive 
treatments have been investigated. 


6.3.2 Bulking Agents 


A number of different urethral bulking agents or injection therapies have been eval- 
uated as potential treatments for postoperative stress urinary incontinence. 
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Kuznetsov et al. [38] compared a cohort of patients treated with urethral collagen 
injection with a group that were treated with placement of an AUS. While this was 
not a true randomized trial given the difficulty in enrolling patients between two 
treatments with very different approaches and outcomes, at a mean follow-up of 
19 months, the collagen group had a 20 % continence rate as compared to 75 % in 
the AUS group. Most available series have reported similarly limited efficacy, Smith 
et al. [39] reported social continence of 35.2% following radical prostatectomy, 
while other series have been even more pessimistic, Griebling et al. [40] evaluated 
a series of 25 patients, of which only two patients (8 %) reported clinically signifi- 
cant improvement. Given the limited efficacy of most available evidence on bulking 
agent injections, submucosal injection of bulking agents is no longer part of the 
recommended treatment algorithm for postoperative urinary incontinence and has 
largely fallen out of favor with clinicians. 


6.3.3 Male Slings 


The male sling arose as a necessity to have a low-risk minimally invasive treatment 
for men with mild stress incontinence [41], which can be defined as a 24-h pad 
weight of less than 150 g [42]. They also can be utilized in patients with limited 
physical or cognitive capacity. The male sling imparts outlet resistance on the ure- 
thra without complete occlusion, thereby decreasing the risk of erosion and mechan- 
ical failure when compared to the AUS [43]. Berry [44] and Kaufman [45] described 
the first male slings, although these early models had low success rates and high 
complication rates. There are a range of contemporary male sling techniques that 
differ in their indications, rates of success, and complications [43]. Relative contra- 
indications of slings include prior radiation therapy or urethral erosion, as their 
patients’ incontinence typically exceeds the limits of the procedure [46]. 
Complications include perineal pain (usually resolves after 3 months but up to 74 % 
in bone-anchored system [46]), urinary retention (transient), infection, bone anchor 
complications (bone anchor system only), and rare erosion. 


6.3.4 Bone-Anchored Bulbourethral Sling (InVance) 


The InVance system (American Medical Systems) is a bone-anchored bulbourethral 
sling made of a 4 by 7 cm silicon-coated polymer. It is placed via a single perineal 
incision with dissection to the bulbospongiosus muscle and both ischiopubic rami — 
the sling is positioned under the bulbar urethra and fixed to the ischiopubic rami by 
three titanium screws bilaterally. The technique has short operative times, low ero- 
sion rate, and no need for retropubic passage of suspension sutures [47, 48]. The 
mechanism relies on compression of the urethra that results in a fixed increase in 
urethral resistance [49]. Determining the appropriate tension of the sling is the most 
critical portion of the operation: some utilize intraoperative measurement of the 
retrograde leak point pressure, with better outcomes from an RLPP greater than 
60 cm over lower compression pressure [49], or an intraoperative cough test [47]. 
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The results include pad-free rates ranging 36-85 % for patients with mild to 
severe incontinence [46, 50-54]. Common complications include transient perineal 
pain in up to 76%, usually resolving 3 months postoperatively, increased residual 
urine (up to 12 %), infection leading to explanation (up to 15%), and dislodgement 
from bone anchors (up to 5%). InVance treatment failure is more common in men 
with previous history of irradiation [46, 54]. Other disadvantages include the high 
cost of bone screws and risk of osseous complications. 


6.3.5  Transobturator Bulbourethral Sling (AdVance) 


The AdVance sling (American Medical Systems) is a retrourethral transobturator 
sling which aims to restore the posterior urethra and sphincter region to the former 
preprostatectomy position [55]. Increased intraluminal resistance is achieved with a 
repositioned and lengthened membranous urethra [56]. In comparison to the 
InVance system, the AdVance system does not rely upon urethral compression, 
although some compression may place a role [57]. The system relies on good mobil- 
ity of the sphincter region and good residual sphincter function including a coaptive 
zone of at least 1 cm [58]. Utilizing a perineal incision, polyprolene mesh is loosely 
positioned over the corpus spongiosum at the level of the perineal body, with the 
ends brought transobturator using a helical passing device. The mesh is tensioned to 
bring the perineal body and proximal bulbar urethra proximally and cephalad 
2—4 cm, utilizing cystoscopic visualization of the external sphincter region to con- 
firm the repositioning of the urethra. The sling functions “as a backstop” during 
straining [59]. 

Reported results with at least 1-year follow-up include up to 70% dry rates [55, 
58, 60-64] and 25-53 % dry rates in patients with previous irradiation [61, 63, 65]. 
Rehder et al. [66] reported 76.8 % success rate at 3 years with proper sling fixation, 
although a Cleveland Clinic report noted a decline in patient-determined success 
from 87.3 to 62.5 % at 2 years postoperatively [67]. Complications include transient 
acute postoperative urinary retention requiring catheterization (up to 21%), wound 
infection, urinary tract infection, or persistent perineal pain. In addition, the need 
for explantation is much lower than InVance system. In the case of a failed Ad Vance 
sling with good sphincter function, a second sling can be implanted, as Soljanik 
et al. [68] describe, with results showing 34.5 % of patients with no pad use, 38 % 
with one dry “security” pad use. 


6.3.6 Prepubic and Transobturator Sling (Virtue) 


The Virtue quadratic sling (Coloplast, Denmark) is a hybrid device (four-armed large 
pore knitted monofilament polyprolene mesh) that provides proximal urethral reloca- 
tion with a transobturator component and perineal compression with a superior pre- 
pubic component [70]. The sling is placed via a perineal incision with dissection 
exposing the bulbous urethra and pubic rami, detaching the urethra from the perineal 
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body but leaving the bulbospongiosus muscle intact. The sling’s two lateral exten- 
sions are bilaterally pulled transobturator via a curved introducer inserted through 
the ipsilateral groin crease just inferior to the adductor longus tendon. The sling’s 
two superior extensions are bilaterally pulled superior and anterior to the pubic bone 
via a curved introducer. The transobturator extensions are pulled laterally until the 
bulbar urethra moves 2-3 cm proximally. The superior extensions are pulled superi- 
orly to provide visual compression of the bulbar and perineal urethra, adjusting the 
tension to increase the retrograde leak point pressure to 60-70 cm water. 

The results of the Virtue system trial at 1 year postoperatively showed 42 % of 
subjects with >50% reduction in mean pad weight [69]. There was a decline in 
efficacy over the first 12 months postoperatively, from initial 61 % >50 % reduction 
in mean pad weight at 1.5 months down to 42 % at 12 months. 

Comiter et al. also attempted “sling fixation,’ enrolling a cohort of 21 patients 
12 months after Virtue placement [69]. Virtue fixation consists of subcutaneously tun- 
neling the transobturator extensions medially and suturing them together and suturing 
the superior extensions in a figure of eight under tension verified by RLPP. The Virtue 
system with fixation improved the continence result and showed 79 % of subjects with 
>50 % reduction in mean pad weight at 1 year postoperatively [69]. 

Advantages of this system include utilizing two commentary mechanisms to 
increase intraluminal urethral pressure. The prepubic component fixes the system in 
place and prevents proximal sling migration, which can be a cause of retroluminal 
sling failure [70-72]. The prepubic provides urethral compression without bone 
screws, which eliminates the risk of anchor-associated osseous complications. 


6.3.7 Suburethral Sling (Remeex) 


The Remeex system (Neomedic, Spain) is a readjustable sling positioned under- 
neath the bulbar urethra, consisting of a mesh connected via two monofilament 
traction threads to an implanted suprapubic mechanical regulator implanted subcu- 
taneously over the rectus fascia 2 cm superior to the pubis. An external manipulator 
can adjust the device. Sousa-Escandon et al. [73] reported dry rate of 83 % at mean 
18 months, Campos-Fernandes et al. [74] reported dry rate of 55.5% at mean 
26.3 months, and Sousa-Escandon et al. [75] reported dry rate of 64.7% at mean 
32 months. The majority of patients require at least one adjustment to reach maxi- 
mum benefit. Complications include intraoperative bladder injuries (up to 11 %) and 
rate of up to 12% device explantation secondary to urethral erosion or infection. 
The system has high reported rate of perineal pain. 


6.3.8 Argus Sling 


The Argus system (Promedon, Argentina) consists of retrobulbar placement of a 
radiopaque silicon foam pad for soft compression of the bulbar urethra, with two 
attached silicon columns consisting of multiple conical elements that allow for 
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system readjustment. These two columns track anteriorly to two fixed radiopaque 
silicon washers which regulate the desired tension. The sling is sequentially adjusted 
to achieve a final resting leak point pressure of between 20 and 48 cm water prior to 
closure of the incision. The device can be implanted either retropubic or transobtu- 
rator. Romano et al. [76] reported 66 % dry rate at mean 45-month follow-up with 
10.4% readjustment, and Hubner et al. [77] reported 79.2% dry rate at mean 
50.4 months with 28.6 % readjustment. Complications include 15 % transient peri- 
neal pain and 8-12 % sling explantation due to erosion into the urethra and bladder 
through the abdominal wall or due to infection. 


6.3.9 Prostate Adjustable Continence Therapy Device (ProACT) 


The adjustable continence therapy device (ProACTTM Uromedica, Plymouth, MN, 
USA) is a treatment device which consists of two balloons which are placed bilater- 
ally along the urethra at the bladder neck via a perineal approach under fluoroscopic 
guidance with a cystoscope sheath inserted in the bladder to serve as a guide for 
placement. The tubing and port of the ProACT systems are placed in the scrotum 
which is an advantage over many other treatments of post prostatectomy incontinence 
in that the balloons are accessible and can be adjusted after placement depending on 
patient symptomatology. Hübner and Schlarp published a prospective series of 117 
consecutive men who underwent ProACT with a mean follow-up of 13 months with 
an overall 67 % rate of patients reporting total continence and 92 % reporting signifi- 
cant improvement [78]. Reoperation rates of 27 % (n=32) in this study were similar 
to those reported for large AUS series, and similar to the 17—30 % reported in other 
large series [79-81]. One advantage of the adjustable continence therapy device is the 
ability to modulate the amount of compression as patients who experienced postop- 
erative urinary retention could be treated with withdrawal of a small amount of fluid 
from the coapting balloons. Patients should be counseled preoperatively that balloon 
adjustments may be a critical component of this treatment. For the large available 
series on the implantation of the ProACT system, almost all patients required some 
adjustment, the average number of adjustments varied from 3 to 4.6 [78, 79, 81] with 
a mean balloon volume of 3.1—3.8 ml [78-80]. Another is the relatively short opera- 
tive time needed to place the system, as mean operative times for the placement of 
ProACT in experienced center have been reported as between 18 and 37 min [80, 82]. 
In order to better assess reoperation rates compared to their prior study which included 
their initial implantations, Hübner and Schlarp published a follow-up study [83] that 
compared their first 50 cases demonstrating much lower rates of complications requir- 
ing revision surgery (24% as compared to 58 %) for patients treated following the 
initial learning curve. More recently, some clinicians have utilized a modified tran- 
srectal ultrasound (TRUS)-guided placement of the ProACT in an attempt to limit the 
radiation exposure with the traditional fluoroscopic placement. Gregori et al. [84] 
reported their results with this technique for 79 patients reporting a 66.1 % dry rate (as 
defined as a 24-h pad test with <8 g leakage) and a mean of 3.6 adjustments per 
patient, similar rates to the fluoroscopically inserted series with lower rates of erosion 
(3.2 %) and device migration (4.8 %) for long-term complications. 
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6.4 Future Directions and Conclusions 


One intriguing frontier in the treatment of urinary incontinence is the use of periure- 
thral injections of adipose-derived regenerative cells or stem cells. Yamamoto et al. 
[85] evaluated the effect regenerative cells which were transurethrally injected into 
the rhabdosphincter and submucosal space of the urethra in a small case series of 
three patients noting a progressive improvement in urinary symptoms in terms of 
decreased leakage volume, decreased frequency, decreased amount of incontinence, 
and improved quality of life. Post-injection MRI imaging suggested persistence of 
injected adipose tissue. The 1-year follow-up data by this group on 11 patients 
injected with the same technique demonstrated similar improvement in urinary 
symptoms as well as improved mean maximum urethral closing pressure and func- 
tional profile length of the sphincter [86]. As these studies have been small clinical 
trials without a control arm, it is unclear if the improvements noted in symptomatol- 
ogy represent a normal improvement incontinence following prostatectomy. This 
treatment remains an experimental option for the treatment of incontinence and is 
not currently recommended in guidelines for the treatment of post-prostatectomy 
incontinence [15]. However, injection of regenerative stem cells remains a novel 
treatment option that may prove beneficial with further validation. 

The minimally invasive treatment of postsurgical incontinence represents an area 
of tremendous potential for innovation and improvement. One persistent issue with 
the available evidence on minimally invasive treatments for incontinence following 
surgery is the reliance on single institution and often single-surgeon studies. While 
control groups and the creation of randomized control trials are often difficult or ethi- 
cally impossible, care should be taken in future studies to incorporate multiple high- 
volume institutions and surgeons in collaborative studies, pursue more robust 
follow-up periods, and use standardized and validated metrics for measuring quality 
of life and urinary incontinence symptoms to better assess the efficacy and durability 
of these techniques. This standardization would allow for greater generalizability and 
a higher quality of available data on these emerging minimally invasive approaches. 

Stress urinary incontinence represents a significant and common complication 
following urological surgery with a significant impact on patient quality of life, and 
the development of effective, minimally invasive treatments represents an important 
clinical goal. A number of available treatments including male slings and the pros- 
tate adjustable continence device provide reliable outcomes and improved quality of 
life for patients with persistent postsurgical incontinence, while experimental treat- 
ments may provide further options for patients with this common complication fol- 
lowing urological surgery. 


References 


1. de Moor JS, Mariotto AB, Parry C, et al. Cancer survivors in the United States: prevalence 
across the survivorship trajectory and implications for care. Cancer Epidemiol Biomarkers 
Prev. 2013;22:561. 


80 


N 


13. 


14. 


T5; 


16. 


17. 


18. 


19. 


20. 


21. 


22. 


23. 


24. 


D.T. Greenwald et al. 


. Cooperberg MR, Broering JM, Carroll PR. Time trends and local variation in primary treat- 
ment of localized prostate cancer. J Clin Oncol. 2010;28:1117. 

. Foote J, Yun S, Leach GE. Postprostatectomy incontinence. Pathophysiology, evaluation, and 
management. Urol Clin N Am. 1991;18:229. 

. Coelho RF, Rocco B, Patel MB, et al. Retropubic, laparoscopic, and robot-assisted radical 
prostatectomy: a critical review of outcomes reported by high-volume centers. J Endourol. 
2010;24:2003. 

. Ficarra V, Novara G, Fracalanza S, et al. A prospective, non-randomized trial comparing robot- 
assisted laparoscopic and retropubic radical prostatectomy in one European institution. BJU 
Int. 2009; 104:534. 

. Ficarra V, Novara G, Rosen RC, et al. Systematic review and meta-analysis of studies reporting 
urinary continence recovery after robot-assisted radical prostatectomy. Eur Urol. 2012;62:405. 

. Carlsson S, Nilsson AE, Schumacher MC, et al. Surgery-related complications in 1253 robot- 
assisted and 485 open retropubic radical prostatectomies at the Karolinska University Hospital, 
Sweden. Urology. 2010;75:1092. 

. Dobbs RW, Kocjancic E, Crivellaro S. Male stress urinary incontinence following surgical 
intervention: procedures, technical modifications, and patient considerations. In: Del Popolo 
G, Pistolesi D, Li Marzi V, editors. Male stress urinary incontinence. Cham, Switzerland: 
Springer International Publishing; 2015. p. 45-72. 

. Glickman L, Godoy G, Lepor H. Changes in continence and erectile function between 2 and 4 
years after radical prostatectomy. J Urol. 2009;181:731. 

. Hautmann RE, Sauter TW, Wenderoth UK. Radical retropubic prostatectomy: morbidity and 
urinary continence in 418 consecutive cases. Urology. 1994;43:47. 

. Wei JT, Dunn RL, Marcovich R, et al. Prospective assessment of patient reported urinary con- 
tinence after radical prostatectomy. J Urol. 2000;164:744. 

. Van Kampen M, De Weerdt W, Van Poppel H, et al. Effect of pelvic-floor re-education on 

duration and degree of incontinence after radical prostatectomy: a randomised controlled trial. 

Lancet. 2000;355:98. 

Filocamo MT, Li Marzi V, Del Popolo G, et al. Effectiveness of early pelvic floor rehabilitation 

treatment for post-prostatectomy incontinence. Eur Urol. 2005;48:734. 

Goode PS, Burgio KL, Johnson 2nd TM, et al. Behavioral therapy with or without biofeedback 

and pelvic floor electrical stimulation for persistent postprostatectomy incontinence: a ran- 

domized controlled trial. JAMA. 2011;305:151. 

Bauer RM, Gozzi C, Hubner W, et al. Contemporary management of postprostatectomy incon- 

tinence. Eur Urol. 2011;59:985. 

Penson DF, McLerran D, Feng Z, et al. 5-year urinary and sexual outcomes after radical pros- 

tatectomy: results from the prostate cancer outcomes study. J Urol. 2005;173:1701. 

Prabhu V, Sivarajan G, Taksler GB, et al. Long-term continence outcomes in men undergoing 

radical prostatectomy for clinically localized prostate cancer. Eur Urol. 2014;65:52. 

Thuroff JW, Mattiasson A, Andersen JT, et al. The standardization of terminology and assessment 

of functional characteristics of intestinal urinary reservoirs. Scand J Urol Nephrol. 1996;30:349. 

Steers WD. Voiding dysfunction in the orthotopic neobladder. World J Urol. 2000;18:330. 

Kessler TM, Burkhard FC, Perimenis P, et al. Attempted nerve sparing surgery and age have a 

significant effect on urinary continence and erectile function after radical cystoprostatectomy 

and ileal orthotopic bladder substitution. J Urol. 2004;172:1323-7. 

El Bahnasawy MS, Osman Y, Gomha MA, et al. Nocturnal enuresis in men with an orthotopic 

ileal reservoir: urodynamic evaluation. J Urol. 2000;164:10. 

Elmajian DA, Stein JP, Esrig D, et al. The Kock ileal neobladder: updated experience in 295 

male patients. J Urol. 1996;156:920. 

Granberg CF, Boorjian SA, Crispen PL, et al. Functional and oncological outcomes after 

orthotopic neobladder reconstruction in women. BJU Int. 2008;102:1551-5. 

Grossfeld GD, Stein JP, Bennett J, et al. Lower urinary tract reconstruction in the female using 

the Kock ileal reservoir with bilateral ureteroileal urethrostomy: update of continence results 

and fluorourodynamic findings. Urology. 1996;48:383-8. 


30. 


31. 


32. 


33. 


34. 


35. 


36. 


37. 


38. 


39. 


40. 


41. 


42. 


43. 


44. 


45. 


46. 


47. 


48. 


49. 


Treating Incontinence after Prostatectomy and Cystectomy 81 


. Parekh AR, Feng MI, Kirages D, et al. The role of pelvic floor exercises on post-prostatectomy 


incontinence. J Urol. 2003;170:130-3. 


. Skinner EC MD, Skinner DG MD, Stein JP MD, Orthotopic Urinary Diversion. Campbell- 


Walsh urology. 10th ed. Philadelphia: Elsevier-Saunders; 2012. p. 2479-506. Chapter 87. 


. Avery K, Donovan J, Peters TJ, et al. ICIQ: a brief and robust measure for evaluating the symp- 


toms and impact of urinary incontinence. Neurourol Urodyn. 2004;23:322. 


. Litwin MS, Hays RD, Fink A, et al. The UCLA prostate cancer index: development, reliability, 


and validity of a health-related quality of life measure. Med Care. 1998;36:1002. 


. Yalcin I, Bump RC. Validation of two global impression questionnaires for incontinence. Am 


J Obstet Gynecol. 2003;189:98. 

Uebersax JS, Wyman JF, Shumaker SA, et al. Short forms to assess life quality and symptom dis- 
tress for urinary incontinence in women: the incontinence impact questionnaire and the urogenital 
distress inventory. Continence program for women research group. Neurourol Urodyn. 1995;14:131. 
Marcus DM, Canter DJ, Jani AB, et al. Salvage therapy for locally recurrent prostate cancer 
after radiation. Can J Urol. 2012;19:6534. 

Gomha MA, Boone TB. Artificial urinary sphincter for post-prostatectomy incontinence in 
men who had prior radiotherapy: a risk and outcome analysis. J Urol. 2002;167:591. 

Lai HH, Hsu EI, Teh BS, et al. 13 years of experience with artificial urinary sphincter implan- 
tation at Baylor College of Medicine. J Urol. 2007;177:1021. 

Revenig LM, Canter DJ, Taylor MD, et al. Too frail for surgery? Initial results of a large mul- 
tidisciplinary prospective study examining preoperative variables predictive of poor surgical 
outcomes. J Am Coll Surg. 2013;217:665. 

Revenig LM, Canter DJ, Master VA, et al. A prospective study examining the association 
between preoperative frailty and postoperative complications in patients undergoing mini- 
mally invasive surgery. J Endourol. 2014;28:476. 

Raj GV, Peterson AC, Webster GD. Outcomes following erosions of the artificial urinary 
sphincter. J Urol. 2006;175:2186. 

Schultheiss D, Hofner K, Oelke M, et al. Historical aspects of the treatment of urinary incon- 
tinence. Eur Urol. 2000;38:352. 

Kuznetsov DD, Kim HL, Patel RV, et al. Comparison of artificial urinary sphincter and colla- 
gen for the treatment of postprostatectomy incontinence. Urology. 2000;56:600. 

Smith DN, Appell RA, Rackley RR, et al. Collagen injection therapy for post-prostatectomy 
incontinence. J Urol. 1998;160:364. 

Griebling TL, Kreder Jr KJ, Williams RD. Transurethral collagen injection for treatment of 
postprostatectomy urinary incontinence in men. Urology. 1997;49:907. 

Kumar A, Litt ER, Ballert KN, Nitti VW. Artificial urinary sphincter versus male sling for 
post-prostatectomy incontinence—what do patients choose? J Urol. 2009;181:1231-5. 

Flynn BJ, Webster GD. Evaluation and surgical management of intrinsic sphincter deficiency 
after radical prostatectomy. Rev Urol. 2004;6:180-6. 

Comiter CV. Surgery insight: surgical management of postprostatectomy incontinence-the 
artificial urinary sphincter and male sling. Nat Clin Pract Urol. 2007;4:615-24. 

Berry J. New procedure for correction of urinary incontinence: a preliminary report. J Urol. 
1961;85:771-5. 

Kaufman JJ. Urethral compression operations for the treatment of post-prostatectomy inconti- 
nence. J Urol. 1973;110:93-6. 

Giberti C, Gallo F, Schenone M, Cortese P, Ninotta G. The bone anchor suburethral synthetic 
sling for iatrogenic male incontinence: critical evaluation at a mean 3-year followup. J Urol. 
2009; 181:2204-8. 

Madjar S, Jacoby K, Giberti C, et al. Bone anchored sling for the treatment of post- 
prostatectomy incontinence. J Urol. 2001;165:72-6. 

Comiter CV. The male sling for stress urinary incontinence: a prospective study. J Urol. 
2002; 167:597-601. 

Ullrich NF, Comiter CV. The male sling for stress urinary incontinence: urodynamic and sub- 
jective assessment. J Urol. 2004;172:204-6. 


82 


50. 


51. 


52. 


53. 


54. 


55. 


56. 


ST, 


58. 


59. 


60. 


6l. 


62. 


63. 


64. 


65. 


66. 


67. 


68. 


69. 


70. 


71. 


DT. Greenwald et al. 


Comiter CV. The male perineal sling: intermediate-term results. Neurourol Urodyn. 2005;24: 
648-53. 

Fassi-Fehri H, Badet L, Cherass A, et al. Efficacy of the InVance™ male sling in men with 
stress urinary incontinence. Eur Urol. 2007;51:498-503. 

Giberti C, Gallo F, Schenone M, Cortese P. The bone-anchor sub- urethral sling for the treat- 
ment of iatrogenic male incontinence: subjective and objective assessment after 41 months of 
mean follow-up. World J Urol. 2008;26:173-8. 

Guimaraes M, Oliveira R, Pinto R, et al. Intermediate-term results, up to 4 years, of a bone- 
anchored male perineal sling for treating male stress urinary incontinence after prostate sur- 
gery. BJU Int. 2009;103:500-4. 

Carmel M, Hage B, Hanna S, Schmutz G, Tu LM. Long-term efficacy of the bone-anchored 
male sling for moderate and severe stress urinary incontinence. BJU Int. 2010;106:1012-6. 
Rehder P, Gozzi C. Transobturator sling suspension for male urinary incontinence including 
post-radical prostatectomy. Eur Urol. 2007;52:860-7. 

Firrozi F, Vasavada S. Editorial comment. Urodynamic changes and initial results of the 
AdVance male sling. Urology. 2009;74:357-8. 

Latini JM. Editorial comment. Urodynamic changes and initial results of the AdVance male 
sling. Urology. 2009;74:358. 

Rehder P, Freiin von Gleissenthall G, Pichler R, Glodny B. The treatment of postprostatectomy 
incontinence with the retroluminal transobturator repositioning sling (advancel): lessons 
learnt from accumulative experience. Arch Esp Urol. 2009;62:860-70. 

De Ridder D, Rehder P. The advance male sling: anatomic features in relation to mode of 
action. Eur Urol Suppl. 2011;10:383-9. 

Bauer RM, Mayer ME, Gratzke C, et al. Prospective evaluation of the functional sling suspen- 
sion for male postprostatectomy stress urinary incontinence: results after 1 year. Eur Urol. 
2009;56:928-33. 

Cornu J-N, Se’ be P, Ciofu C, et al. The advance transobturator male sling for post prostatec- 
tomy incontinence: clinical results of a prospective evaluation after a minimum follow-up of 6 
months. Eur Urol. 2009;56:923-7. 

Cornel EB, Elzevier HW, Putter H. Can advance transobturator sling suspension cure male 
urinary postoperative stress incontinence? J Urol. 2010;183:1459-63. 

Cornu JN, Sebe P, Ciofu C, Peyrat L, Cussenot O, Haab F. Mid-term evaluation of the transob- 
turator male sling for post-prostatectomy incontinence: focus on prognostic factors. BJU Int. 
2011;108:236—-40. 

Bauer RM, Soljanik I, Füllhase C, et al. Mid-term results of the retroluminar transobturator 
sling suspension for male postprostatectomy stress urinary incontinence. BJU Int. 
2011;108:94-8. 

Bauer RM, Soljanik I, Fu'llhase C, et al. Results of the advance transobturator male sling after 
radical prostatectomy and adjuvant radiotherapy. Urology. 2011;77:474-9. 

Rehder P, Haab F, Cornu JN, et al. Treatment of post prostatectomy male urinary incontinence 
with the transobturator retroluminal repositioning sling suspension: 3year followup. Eur Urol. 
2012;62:140-5. 

Li H, Gill BC, Nowacki AS, et al. Therapeutic durability of the male transobturator sling: 
midterm patient reported outcomes. J Urol. 2012;187:1331-5. 

Soljanik I, Becker AJ, Stief CG, Gozzi C, Bauer RM. Repeat retro- urethral transobturator 
sling in the management of recurrent post prostatectomy stress urinary incontinence after 
failed first male sling. Eur Urol. 2010;58:767-72. 

Comiter CV, Rhee EY, Tu LM, Herschorn S, Nitti VW. The virtue sling — a new quadratic sling 
for post prostatectomy incontinence — results of a multinational clinical trial. Urology. 
2014;84(2):433-8. doi:10.1016/j.urology.2014.02.062. Epub 2014 Jun 25. 

Comiter CV, Nitti V, Elliott C, Rhee E. A new quadratic sling for male stress incontinence: 
retrograde leak point pressure as a measure of urethral resistance. J Urol. 2012;187:563-8. 
Yiou R, Loche CM, Lingombet O, et al. Evaluation of urinary symptoms in patients with post- 
prostatectomy urinary incontinence treated with the male sling TOMS. Neurourol Urodyn. 
2015;34:12-7. 


72. 


73. 


74. 


75. 


76. 


71. 


78. 


79. 


80. 


81. 


82. 


83. 


84. 


85. 


86. 


Treating Incontinence after Prostatectomy and Cystectomy 83 


Fisher MB, Aggarwal N, Vuruskan H, Singla AK. Efficacy of artificial urinary sphincter 
implantation after failed bone-anchored male sling for post prostatectomy incontinence. 
Urology. 2007;70:942-4. 

Sousa-Escandon A, Rodriguez Gomez JI, Uribarri Gonzalez C, Marques-Queimadelos 
A. Externally readjustable sling for treatment of male stress urinary incontinence: points of 
technique and preliminary results. J Endourol. 2004;18:113-8. 

Campos-Fernandes JL, Timsit MO, Paparel P, et al. REMEEX: a possible treatment option in 
selected cases of sphincter incompetence [in French]. Prog Urol. 2006;16:184—91. 
Sousa-Escandon A, Cabrera J, Mantovani F, et al. Adjustable suburethral sling (male Remeex 
system1) in the treatment of male stress urinary incontinence: a multicentric European study. 
Eur Urol. 2007;52:1473-80. 

Romano SV, Metrebian SE, Vaz F, et al. Long-term results of a phase II multicentre trial of the 
adjustable male sling for treating urinary incontinence after prostatectomy: minimum 3 years 
[in Spanish]. Actas Urol Esp. 2009;33:309-14. 

Hubner WA, Gallistl H, Rutkowski M, Huber ER. Adjustable bulbourethral male sling: experi- 
ence after 101 cases of moderate-to-severe male stress urinary incontinence. BJU Int. 2011; 
107:777-82. 

Hubner WA, Schlarp OM. Treatment of incontinence after prostatectomy using a new mini- 
mally invasive device: adjustable continence therapy. BJU Int. 2005;96:587. 

Kocjancic E, Crivellaro S, Ranzoni S, et al. Adjustable continence therapy for the treatment of 
male stress urinary incontinence: a single-centre study. Scand J Urol Nephrol. 2007;41:324. 
Lebret T, Cour F, Benchetrit J, et al. Treatment of post prostatectomy stress urinary inconti- 
nence using a minimally invasive adjustable continence balloon device, ProACT: results of a 
preliminary, multicenter, pilot study. Urology. 2008;71:256. 

Trigo-Rocha F, Gomes CM, Pompeo AC, et al. Prospective study evaluating efficacy and 
safety of Adjustable Continence Therapy (ProACT) for post radical prostatectomy urinary 
incontinence. Urology. 2006;67:965. 

Crivellaro S, Singla A, Aggarwal N, et al. Adjustable continence therapy (ProACT) and bone 
anchored male sling: comparison of two new treatments of post prostatectomy incontinence. 
Int J Urol. 2008;15:910. 

Hubner WA, Schlarp OM. Adjustable continence therapy (ProACT): evolution of the surgical 
technique and comparison of the original 50 patients with the most recent 50 patients at a 
single centre. Eur Urol. 2007;52:680. 

Gregori A, Romano AL, Scieri F, et al. Transrectal ultrasound-guided implantation of 
Adjustable Continence Therapy (ProACT): surgical technique and clinical results after a mean 
follow-up of 2 years. Eur Urol. 2010;57:430. 

Yamamoto T, Gotoh M, Kato M, et al. Periurethral injection of autologous adipose-derived 
regenerative cells for the treatment of male stress urinary incontinence: report of three initial 
cases. Int J Urol. 2012;19:652. 

Gotoh M, Yamamoto T, Kato M, et al. Regenerative treatment of male stress urinary inconti- 
nence by periurethral injection of autologous adipose-derived regenerative cells: 1-year out- 
comes in 11 patients. Int J Urol. 2014;21:294. 


Fabio Landoni, Vanna Zanagnolo, and Marco Soligo 


7.1 Introduction 


Cervical cancer is, after breast cancer, the second highest worldwide female 
malignancy. The incidence has been increasing gradually over recent years, with 
younger patients resulting affected. Thus, it is becoming one of the most deadly 
cancer globally [1-4]. 

The age-adjusted incidence rate rises rapidly in the third decade of life to approx- 
imately 20 cases per 100,000 and then increases slowly to 30 through the ninth 
decade. Although cervical cytology may potentially reduce the mortality rate of 
cervical cancer by 80%, this procedure has only been fully implemented in few 
countries because of its costs and logistical problems resulting from the high inci- 
dence of cervical cancer precursors [5]. 

Various types of radical surgery (RS), such as radical hysterectomy, radical 
trachelectomy, and radical parametrectomy, have shown 5-year survival rates rang- 
ing between 75 and 90% [1, 5, 6], remaining the standard treatment for patients 
with early-stage cervical cancer [7—9]. However, RS is known to cause urinary dys- 
functions, such as bladder hypotonia, urinary incontinence, and abnormal sensation, 
in 12-85 % of patients [10-12]. Furthermore, bowel dysfunctions, such as constipa- 
tion, have been reported in 5-10 % of patients after RS [13, 14]. 

Considerable sexual dysfunctions, including decrease in sexual interest, orgasm, 
and vaginal dryness, may also be reported after RS. The sexual activity impairment 
thus results in substantial distress [15]. Urinary, anorectal, and sexual dysfunctions are 
known to be caused, during RS, by the disruption of sympathetic and parasympathetic 
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nerves that are intimately associated with the supporting tissues of the cervix, bladder, 
and rectum, i.e., the paracervix (cardinal ligaments), the rectal stalk (lateral ligament of 
the rectum), the vesicouterine ligaments (lateral leaf), and the uterosacral ligaments. 
These nerves play a major role in the neurogenic control of urinary and anorectal func- 
tions. Moreover, they supply blood vessels of the female genital tract and thereby affect 
sexual activity by neurogenically controlling its lubrication or swelling response [16]. 


7.2 Relevant Pelvic Floor Neuroanatomy and Physiology 


The pelvic floor is under autonomic (sympathetic and parasympathetic) and somatic 
control. 

The sympathetic fibers innervating the pelvis arise from the para-aortic sympa- 
thetic chain at the T11—L2 level. These fibers synapse in the superior hypogastric 
plexus and course into the pelvis over the sacral promontory. They enter the pelvis 
via the hypogastric nerve and synapse in the pelvic plexus (inferior hypogastic 
plexus). In the pelvic plexus, those fibers synapse with parasympathetic fibers from 
S2 to S4, which traverse the pelvis via the pelvic nerve and enter the pelvic plexus 
from either side of the rectum. The postganglionic fibers may be exclusively sym- 
pathetic, exclusively parasympathetic, or a combination of both. At the points of 
junction of these nerves, small ganglia are found. From these plexuses, numerous 
branches accompany the collaterals of the hypogastric artery and are distributed to 
the rectum, cervix, lateral vagina, and bladder. Noteworthy, the pelvic plexus gives 
rise to postganglionic fibers which lie, as a flat meshed band, on the lateral wall of 
the upper third of the vagina. These fibers reach the bladder through the deep layer 
of the cervico-vesical and the vagino-vesical ligaments [17, 18]. 


7.2.1 Urinary Continence Control 


During the storage phase, the bladder and the internal urethral sphincter are primarily 
under sympathetic nervous system control. Sympathetic nervous mediators activate 
B-adrenergic receptors within the bladder: this results in relaxation, promoting the 
bladder to increase its capacity without increasing detrusor resting pressure (accom- 
modation). The same sympathetic mediators act on the bladder neck and internal uri- 
nary sphincter via a-adrenergic receptors to remain tightly closed. Finally, this 
sympathetic activity also inhibits parasympathetic stimulation via a feedback mecha- 
nism running through the spine to the encephalic pontine micturition center (PMC). 
On the other hand, the parasympathetic nervous system functions in an opposite man- 
ner. In terms of urinary function, it stimulates the detrusor to contract via acetylcho- 
line activation of muscarinic receptors. When the sympathetic nervous system is 
active, urinary accommodation occurs and the micturition reflex is inhibited. 
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During the voiding phase, clearly a mechanism under voluntary control, the 
activity of the somatic component of the pudendal nerve is inhibited to cause the 
levator ani muscles to relax and the external urethral sphincter to open. 
Immediately preceding parasympathetic stimulation, the sympathetic influence 
on the internal urethral sphincter is suppressed allowing the bladder neck and 
the internal sphincter to relax and open. This results in the facilitation of volun- 
tary urination. 

Bladder and urethral sensation is of paramount importance to coordinate the 
aforementioned mechanism. Sensation within the bladder is transmitted to the cen- 
tral nervous system through sensory afferent fibers of the autonomic pathway. 
Urethral smooth and striated muscle afferent nerve fibers travel in the pudendal 
nerve and terminate at the dorsal sacral cord, S2—S4 [17, 19]. 


7.2.2 Anorectal Continence Control 


Adequate bowel function is a rather complex phenomena resulting from a combina- 
tion of stool consistency, colorectal activity, and the relationship between the inter- 
nal anal sphincter (IAS) and external anal sphincter (EAS). The nerve supplying the 
rectum and anal canal derives from the superior, middle, and inferior rectal plexus 
with a relevant component of autonomic nerve fibers headed to the rectum and IAS 
coming from the inferior hypogastric plexus. 

Similarly to what happens in urinary control, stimulation of parasympathetic 
nerves in the rectum encourages contraction of the reservoir (the rectum), while 
efferent rectal sympathetic fibers are thought to inhibit rectal contraction and 
stimulate the IAS contraction [20]. As a general rule, the anal continence mecha- 
nism implies a strict coordination between the sensory component and the reflex 
and voluntary (respectively, autonomic and somatic) control of the sphincter 
complex: the IAS maintains a constant tone and prevents fecal leakage, with the 
EAS and pelvic floor muscles acting as an additional barrier to prevent inappro- 
priate defecation. 

The sensory component is relevant here. The pectinate line within the cranial 
portion of the anal canal has the peculiar role to discriminate bowel content. 
When the bolus distends the ano-rectum, the rectoanal inhibitory reflex (RAIR) 
occurs: a transient reflex inhibition of the IAS tone to allow the bowel content 
to come in contact with the pectinate line and concomitant reflex contraction of 
the EAS to maintain continence for a limited time. The RAIR acts as a sampling 
reflex. If defecation is inappropriate, voluntary pelvic floor muscles and EAS 
contraction can push up the bowel content abolishing the reflex stimulation. On 
the contrary, pelvic floor muscles and EAS relaxation will promote sympathetic 
inhibition and parasympathetic activation with IAS relaxation and rectal detru- 
sor activation [21]. 
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7.3 Pathophysiology of Pelvic Floor Dysfunctions (PFDs) 
after Radical Surgery (RS) and Rationale for 
Nerve-Sparing Radical Surgery (NSRS) 


During RS the hypogastric nerves and both the proximal and distal part of the infe- 
rior hypogastric plexus are routinely damaged. 

PFDs are caused by neural denervation in combination with potential direct vis- 
ceral injury, lymph stasis, interruption of the blood supply, and fibrosis. Moreover, 
particularly for the lower urinary tract, a substantial alteration of sensation for blad- 
der filling is an additional evidence of pelvic sympathetic trunk injury. 

The loss of sympathetic adrenergic stimulation may have an excitatory effect on 
parasympathetic transmission to the detrusor muscle during urine storage and may 
lead to permanent relaxation of the bladder neck and the proximal urethra. These 
alterations could contribute to the characterization of urinary stress incontinence 
and detrusor overactivity after RS [18]. 

The extent of neural damage is associated with more severe PFDs. 

To reduce postoperative complications, it has been suggested to tailor the radi- 
cality of RH; however, such an aim could inevitably decrease operation efficacy 
[22]. Therefore, it has also been suggested to preserve the pelvic splanchnic nerves 
(PSN) without compromising the therapeutic effect of radical surgery. 

Thus, NSRS has emerged in the last 30 years in order to reduce surgery-related 
dysfunctions without compromising oncologic outcomes [23, 24]. Not only is NSRH 
of great clinical interest in gynecologic oncology treatment for preserving the thera- 
peutic effect but also for effectively improving the quality of life of patients [25]. 


7.4 Radical Hysterectomy 


In 2007 a conference of international experts was convened in Kyoto, Japan, to 
discuss a new classification for RH. There has been a growing dissatisfaction with 
the Rutledge class II (type II; modified) and class III (type IID designation because 
the common practice no longer adheres to the original published descriptions by 
Piver [26]. This is also true when surgeons refer to an eponymous RH such as a 
Wertheim, or Meigs, or Okabayashi. In fact, procedures seldom conform to the 
original published descriptions. Furthermore, a number of important developments 
in the technique of RH are not considered by these classification systems, such as 
the various nerve-sparing dissections, fertility-preserving operations, and variations 
not fitting the Rutledge class II or class III category. 

A proposal for a uniform anatomic terminology and a classification of RH and 
lymphadenectomy incorporating the opinions expressed by experts during the con- 
ference was published by Querleu and Morrow in 2008 [27]. 

As already mentioned, tailoring has become a major issue in cancer surgery. 
Modulation of radicality to tumor spread is an important topic in cervical cancer, 
based on the concept of the surgical margins and on the estimated risk of pericervi- 
cal spread, from the development of ultraradical surgery to more limited types (1.e., 
modified radical) of it [27]. 
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7.4.1 Querleu and Morrow Classification [27] 


7.4.1.1 Type A: Minimum Resection of Paracervix 
This resection is an extrafascial hysterectomy, with no need to free the ureters from 
their beds. The paracervix is transected medial to the ureter but lateral to the 
cervix. 

The uterosacral and vesicouterine ligaments are not transected at a distance from 
the uterus. 


7.4.1.2 Type B: Transection of Paracervix at the Ureter 

Partial resection of the uterosacral and vesicouterine ligaments are standard steps of 
this type of radical hysterectomy. The ureter is unroofed and then rolled laterally to 
enable transection of the paracervix at the level of the ureteral tunnel. The posterior, 
deep, neural component of the paracervix, caudal to the deep uterine vein, is not 
resected. At least 10 mm of the vagina from the cervix is removed. 


7.4.1.3 Type C: Transection of Paracervix at Junction with Internal 

Iliac Vascular System 
This type of radical hysterectomy encompasses transection of the uterosacral liga- 
ment at the rectum and vesicouterine ligament at the bladder. The ureter is mobi- 
lized completely. Fifteen to 20 mm of vagina from the cervix with the adjacent 
paracolpos are resected as well. 

Two subcategories are defined: C/ with nerve preservation and C2, without 
preservation of autonomic nerves. In C1, the sacrouterine ligament is transected 
after separation of the hypogastric nerves. The nerve is identified systematically 
and preserved by transection of only the uterine branches of the pelvic plexus. 
The bladder branches of the pelvic plexus are preserved in the lateral ligament of 
the bladder (i.e., lateral part of bladder pillar). When the caudal part of the para- 
cervix is transected, careful identification of bladder nerves is needed. For C2, 
the paracervix is transected completely, including the part caudal to the deep 
uterine vein. 


7.4.1.4 Type D: Laterally Extended Resection 
This group of rare operations feature additional ultraradical procedures, mostly 
indicated at the time of pelvic exenteration. 


7.4.2 Concept of Nerve-Sparing Surgery [5] 


Radical hysterectomy is meant to remove the tissue adjacent to the cervix and vagi- 
nal fornices in addition to the uterus, cervix, and proximal vagina, preserving intact 
both the urinary system and rectum. The removal of the surrounding tissues of the 
cervix and adjacent vagina is necessary because they are the first to be invaded by 
contiguity and local lymphatic extension of cervical cancer. The major difficulty to 
perform this operation is that the ureters pass through the paracervix and paracolpos 
and therefore must be carefully dissected off to prevent injury. 


90 F. Landoni et al. 


Over the last decade, many studies have been published in the literature on the 
topic of nerve-sparing RH, reporting outcomes and describing various techniques, 
sometimes with emphasis on the hypogastric nerves, the pelvic splanchnic nerves, 
or the bladder branches of the IHP [25, 28-37]. 

Some variations of RH are by default “nerve sparing,” such as the simple, intra- 
or extrafascial hysterectomy, Rutledge class II, types A and B RH of the new clas- 
sification in which the autonomic nerve supply to the bladder is not threatened. 

However, more radical removal of the supporting tissues of the cervix requires 
special surgical maneuvers to preserve the autonomic nerves associated with the 
uterosacral ligaments, vesicouterine ligaments, and the paracervix as it is described 
in Type C1 nerve-sparing RH. 

The main steps essential of the nerve-sparing radical hysterectomy (NSRH) are: 


1. Identification of the hypogastric nerve in the mesoureter and separation of the 
mesoureter and the hypogastric nerve from the posterior leaf of the broad and 
uterosacral ligament prior to transecting the uterosacral ligament 

2. Removal of the cranial part of the paracervix (including the deep uterine vein), 
its elevation, and dissection off the inferior hypogastric plexus 

3. Transection of the uterosacral, the rectouterine, and rectovaginal ligaments 
between the IHP and the cervix/vagina 

4. Identification and preservation of the bladder branches of the IHP before tran- 
secting the lateral leaf of the vesicouterine ligament or its transection avoiding 
the bladder branches of the IHP 


7.4.3 Type C1 Radical Hysterectomy 


The type C1 RH is a nerve-sparing operation. The superior portions of the paravaginal 
and pararectal spaces are fully developed to facilitate the dissection, and the ureter is 
completely mobilized from its bed in the paracervix and vesicouterine ligaments. The 
lateral resection of the paracervix involves only its cranial, “vascular” portion. As a 
general rule, resection of the adjacent vagina and the corresponding paracolpos is 
limited to 1.5-2 cm. The uterosacral ligaments are transected at the rectum, the medial 
leaf of the vesicouterine ligament is transected ventrally to the ureter, and the lateral 
leaf is transected medially to the bladder branch of the pelvic plexus. 

Compared to the type B RH, type C1 has a wider margin of resection around the 
cervical tumor, and, compared to the type C2 operation, it preserves the hypogastric 
nerve component of the uterosacral ligaments and the caudal portion of the paracer- 
vix, avoiding transection of the bladder branches of the pelvic plexus in the lateral part 
of the vesicouterine ligament. Consequently, the postoperative function of the bladder 
and rectum is in the great majority of cases satisfactory. Moreover the limited resec- 
tion of the vagina, though tailored to the disease burden, preserves most of the auto- 
nomic bladder nerves and seldom shortens the vagina to cause sexual dysfunction. 
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The operation can be performed through a low transverse or vertical midline 


incision, with a minimally invasive approach depending on the patient’s habitus and 
the risk for aortic nodal disease. 


7.4.3.1 Step 1: Entering the Retroperitoneum, Developing 


the Retroperitoneal Spaces 
After abdominal exploration, especially of the aortic and common iliac nodes for 
evidence of metastatic disease, the operation is begun by dividing the round liga- 
ment or entering the retroperitoneum by an incision over the psoas muscle lateral 
to the external iliac vessels in order to develop the pelvic wall retroperitoneal 
space and to expose the ureter and iliac vessels. 
Then the upper portion of the pararectal space is developed, dissecting between 
the ureter and hypogastric artery, posteriorly to the uterine artery. The dissection 
is parallel to the sacral curve. Similarly, the anterior paravesical/paravaginal 
space is developed by dissecting between the umbilical artery (at the lateral bor- 
der of the bladder) and the distal external iliac vein. 
Next, the posterior leaf of the broad ligament is incised, and the infundibulopel- 
vic ligaments are transected and ligated at the pelvic brim. The adnexa are mobi- 
lized and then excised. 


7.4.3.2 Step 2: Pelvic Lymph Node Dissection 
The pelvic lymph node dissection may be performed before or after the radical hys- 
terectomy in the usual fashion. 


7.4.3.3 Step3: Dissection of the Bladder and Ureter 


The vesicouterine fold is incised after an upward traction is applied on both sides 
of the bladder flap peritoneum, and the bladder flap is dissected down to the level 
of its attachment to the distal cervix (vesico-cervical ligament). Once the bladder 
flap has been mobilized, the ureter can be dissected off. 

The proper plane of dissection is identified against the peritoneum, and the ureter 
and mesoureter are easily separated from the peritoneum. 

The hypogastric nerve is identified in the mesoureter about 2 cm below the ure- 
ter, superiorly to the anterolateral rectum. Correct exposure of medial surface of 
the ureter, as it enters the tunnel, is obtained by its gentle lateral traction. Such a 
maneuver is essential to avoid injury to the ureter by stripping its adventitia and 
to avoid damage to the parametrial veins. 

The plane on the lateral surface of the ureter is also carefully identified and 
developed. The ureteral branch of the uterine artery is clipped at the ureter and 
divided. 

Next, the origin of the uterine artery from the medial surface of the hypogastric 
artery is identified, and the artery is carefully dissected from the underlying 
superficial uterine vein and divided at its origin. The ureter is then dissected from 
the lateral wall of the tunnel with the aid of gentle ventral traction. 
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Fig.7.1 Unroofing of the 
ureter 


7.4.3.4 Step 4. Unroofing the Ureter 


The unroofing of the ureter is accomplished by applying Clark clamp to the tis- 
sue covering the ureter, between the ureter and the uterine artery and dividing 
(Fig. 7.1) the medial leaf of the vesicouterine ligament by serial clamping and 
cutting. 

After the ureter has been unroofed, it is retracted laterally to allow sharp dissec- 
tion of the filmy attachments between the ureter and the tunnel bed to complete 
mobilization. Dissection of the lateral attachments of the distal ureter is not per- 
formed since it is unnecessary and will increase the risk of ureteral vascular 
injury. 


7.4.3.5 Step 5. Division of the Cranial Part of the Paracervix 


The division of the cranial (vascular) part of the paracervix is performed by tran- 
secting one vessel at a time: the superficial uterine vein, the vaginal (inferior 
vesical) artery, and the deep uterine vein are successively exposed by careful 
dissection. 


Yabuki [34, 37] described the paracervix as a lamina between the cranial part of 


the pararectal space and the paravesical space. The cranial part of the lamina con- 
tains not only the uterine and vaginal arteries as well as the superficial and deep 
uterine veins but also fatty areolar tissue with lymphatics and lymph nodes. The 
caudal part of the lamina containing the splanchnic nerves is referred as the lateral 
ligament or rectal stalk. 
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Fig.7.2 Preservation Sd 
of the most lateral portion 


of the vesicouterine 
ligament (paracolpos) 


7.4.3.6 Step 6: Posterior Dissection, Division of the Uterosacral 


Ligaments 
By placing traction across the posterior cul-de-sac and incising the peritoneal reflec- 
tion between the rectum and the vagina, the rectal-vaginal septum is developed. 
The hypogastric nerve is dissected from the lateral aspect of the ligament before 
transecting the uterosacral and rectovaginal ligaments. 
The branches of the pelvic plexus to the cervix are transected with the posterior attach- 
ments of the cervix and vagina, leaving the hypogastric nerves and the pelvic plexus 
intact since the cranial part of the paracervix has been mobilized off the plexus. 


7.4.3.7 Step 7: Dividing the Paracolpos and Vagina 


The uterus is still attached with the exception of the vagina and lateral (posterior, 
deep) leaf of the vesicouterine ligament (paracolpos). 

A triangular shaped view of the lateral leaf of the vesicouterine ligament bounded 
by the ureter, the lateral edge of the vagina and the free edge of the ligament, is 
better visualized when the ureter is retracted in a ventral and lateral direction and 
the uterus is retracted cranially. 

The most lateral portion of the ligament must be preserved since it contains the 
autonomic nerves to the bladder (Fig. 7.2). Whereas the medial part of the ligament 
adjacent to the vagina is vascular, and it can be transected, therefore preserving the 
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Fig.7.3 Transection of 
the medial (vascular) part 
of the vesicouterine 
ligament adjacent to the 
vagina, preserving the 
nerves to the bladder 


Fig.7.4 Transection to 
the vaginal wall of 
remaining portions of the 
rectovaginal ligament, 
paracolpos, or 
vesicouterine ligament still 
in place 


nerves to the bladder. If the remaining portions of the rectovaginal ligament, para- 
colpos, or vesicouterine ligament are still in place, they are transected to the vaginal 
wall (Figs. 7.3 and 7.4). 
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7.5 Functional Outcomes 


PFDs remain the major morbidity following RH. In fact, direct bladder injury and 
postoperative recto- and urinary-vaginal fistulas’ formation are now rare. 
Improvements in surgical skills and technology have reduced ureteric fistula rates 
from 5 to 10% [13, 38] in the mid-twentieth century to less than 1% [22, 39]. 
However, the rate of bladder and urinary dysfunction has remained fairly constant 
over the last 50 years. Concerning lower urinary tract symptoms (LUTS), long-term 
storage, and voiding problems can be quoted around 30% after RH, even though 
prevalence rates from 8 to 80% are reported in the literature [22, 26, 39-41]. 
Anorectal disorders are reported within a range from 5 to 10%, being constipation 
the major complaint [13, 38]. Considerable sexual dysfunctions have also been 
reported after RH. A survey over 256 Swedish women with a history of early-stage 
cervical cancer showed reduced lubrication and moderate to much distress due to 
vaginal changes in one out of four of the investigated patients [15]. 

Obviously, any damage to the architecture of the autonomic and somatic pelvic 
floor innervation has a potential detrimental effect on visceral function. However, 
two different mechanisms prevent symptoms to occur: one is the compensatory 
strength intrinsic to any complex system, and the other one is neuronal plasticity as 
its ability to regenerate and remodeling. While thinking at pelvic floor visceral dys- 
functions, one should bear in mind that symptoms occurrence is the final result of a 
failed compensatory process, not a merely result of the direct injury to a selected 
portion of the architecture. The concept of a process implies the power of neuronal 
plasticity and its capability to modify over time or, better, to improve the compensa- 
tory equilibrium to a point where symptoms are minimized or disappear. 

The discrepancy in the prevalence data on dysfunctions (i.e., from 8 to 80 % for 
urinary disorders) reflects the evolution and lack of consensus in surgical approach 
but may also enclose the different functional evaluation methods (instrumental vs 
clinical) and the different follow-up intervals utilized. 

Comparing data from different studies is therefore extremely difficult. 

Some examples of these discrepancies will help a critical understanding of the 
available literature. 


7.5.1 Urinary Dysfunctions 


A recent update on urodynamic bladder dysfunctions after RH for cervical cancer 
selected 19 studies from 1980 to 2010. An overall incidence of 72% of bladder 
dysfunctions was detected with rates for detrusor dysfunction, mixed urinary incon- 
tinence, and stress urinary incontinence of 42%, 24.5%, and 40%, respectively. 
Unfortunately, no data on actual symptom complaints are available; this makes dif- 
ficult to understand the clinical impact of the reported figures. In addition no data on 
the voiding phase are mentioned in the paper [19]. 

On the contrary Raspagliesi et al. confine their functional assessment to bladder 
voiding disorders within 3 months after surgery. Comparing type II versus type II 
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NSRH and type II RH, they observed a prompt recovery of bladder voiding (ability 
to void spontaneously and post-void residual <100 ml) in type II and type II nerve- 
sparing surgery, differently from standard type II, where a significantly higher 
number of women (11/20-55 %) were discharged with self-catheterization (none 
and 7/59 7 %, respectively, in the other two types of RH) [23]. 

Again on urodynamic data, Axelsen et al. [42] compared a group of 50 women 
with de novo urinary incontinence versus 50 matched asymptomatic women 
14 years (5-20) after RH. The only significantly different parameter between these 
groups was a lower maximal urethral closure pressure (MUCP) at rest and during 
contraction within the group of incontinent women. Additional parameters concern- 
ing the urethral pressure profile are of pathophysiological interest in this study. 
Unfortunately the authors missed matching the two groups for the extent of dissec- 
tion during RH [42]. 

Conversely other authors report exclusively on symptom complaints. 

A very recent prospective study adopted structured symptom questionnaires 
before and 6 months after laparoscopic versus abdominal RH over 54 women (27 
LRH and 27 ARH). Urinary incontinence and straining during voiding were signifi- 
cantly more frequent after surgery in both groups (LRH, 86.9 and 34.7 %; ARH, 100 
and 29.6%). Urge incontinence, increased bladder sensation, and constipation by 
obstructed defecation were significantly more common postoperatively in patients 
undergone to ARH than after LRH [43]. 

Reorganization of the nervous system after trauma is a well-known phenomena 
[44]. Data from different studies are therefore difficult to compare because of the 
wide range in follow-up reported. 


7.5.2 Anorectal Dysfunctions 


The major complaint after RH is represented by constipation, due to a combination 
of slow gut transit and evacuatory difficulties (improperly termed as obstructed def- 
ecation). These problems are a spectrum ranging from patients requiring dietary 
changes [45] or laxatives after surgery to extreme cases in which hemicolectomies 
have been performed for disabling constipation [46]. 

Griffenberg et al. [45] reported almost 40 % of patients still experiencing bloat- 
ing, abdominal discomfort, and straining at 1 year after radical surgery. Barnes et al. 
[13] studied anorectal physiology 1 week after surgery: rectal hyposensitivity and 
diminished ability of the IAS to relax to baseline were observed, although resting 
and squeeze pressures (functions of the IAS and EAS, respectively) were unchanged. 
These findings were supported by 80% of the subjects (12/15) subjectively report- 
ing new bowel symptoms, most commonly, loss of defecatory urge or the need to 
strain to defecate. However, testing anorectal physiology 6 months following radi- 
cal hysterectomy over 11 women, Sood et al. [47] observed a significant decrease 
respect to the baseline in resting and squeeze sphincter pressures, volume of saline 
infused at first leak, total volume retained, and threshold volume for maximum tol- 
erable volume (rectal hypersensitivity). The rectoanal inhibitory reflex was impaired 
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in 64% of patients, suggesting autonomic damage. Importantly, 55% of women 
continued to report functional difficulties as late as 18 months, including constipa- 
tion and the onset of fecal incontinence. To opposite manometric findings came 
Loizzi et al. [48] investigating 21 women 6 months after nerve-sparing RH: no 
changes from baseline were observed after surgery in any of the tested parameters, 
including rectal compliance. 

The role of adjuvant radiation is controversial, but radiotherapy has to be considered 
a relevant confounding factor while investigating visceral morbidity after RH [49]. 

In summary anorectal neurogenic injury after RH seems to affect mainly the 
coordination between sensation and reflex sphincteric action, rather than simple 
IAS or EAS functionalities. These pathophysiological changes impact mainly on 
the ability to defecate with minor effect on continence and with a spectrum of symp- 
tom severity. This is a further confirmation of the concept of pelvic visceral symp- 
toms as a failed compensatory process, as highlighted before. 

The impact of RH on sexuality is still substantial. In a recent retrospective study 
comparing nerve-sparing versus standard RH (mean follow-up 31 months), overall 
rates of sexual dysfunctions among 114 sexually active women who responded to a 
questionnaire were as follows: 78 % reduced sexual frequency, 55 % decreased vag- 
inal lubrication, 35 % dyspareunia, and 40 % pain during coitus. Authors failed find- 
ing any significant differences between the two different surgical techniques [50]. 


7.6 Coming to a Conclusion? 


As clearly evident from the literature shortly reported above, the present knowledge 
on PFDs after RH is heterogeneous and very difficult to compare. Thus, the current 
assumption that a nerve-sparing approach reduces surgery-related dysfunctions 
without compromising oncologic outcomes in early-stage cervical carcinoma 
remains controversial. 

To clarify this point, a recent meta-analysis by Kim et al. [7] compared clinical 
outcomes and urinary, anorectal, and sexual dysfunctions between conventional 
radical surgery (CRS) and nerve-sparing radical surgery (NSRS). Of course meth- 
odological aspects are the key point here: the study included a quality analysis of 
selected papers adopting the Newcastle-Ottawa Scale (three parameters of quality: 
selection, comparability, and outcome) but also checked for truly nerve-sparing 
technique [51]. After searching PubMed, Embase, and the Cochrane Library, 2 ran- 
domized controlled trials, 7 prospective studies, and 11 retrospective cohort studies 
were included with 2,253 patients from January 2000 to February 2014. Interestingly, 
in terms of survival, both disease-free and overall survival rates were not different 
between these two treatments. In terms of visceral function, the subgroup analyses 
demonstrated that NSRS offers a shorter duration of postoperative catheterization 
and reduces urinary frequency, urinary incontinence, and constipation. No differ- 
ences were observed between treatments for sexual function. Crude analyses also 
showed decreases in blood loss, hospital stay, frequency of intraoperative complica- 
tions, and length of the resected vagina in NSRS. 
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The authors concluded that NSRS may not affect prognosis in patients with cer- 
vical cancer, whereas it may decrease intraoperative complications and urinary and 
anorectal dysfunctions despite long operative time and short length of the resected 
vagina when compared with CRS. 

Interestingly, a sparing approach mainly addressed to the parametrial extension 
of the resection brings to a reduction of the resected vaginal length without a signifi- 
cant impact on oncological outcomes. Theoretically, sparing vaginal tissue might 
contribute to reduce neurogenic damage from surgery, but its role in improving 
functional outcomes remains to be determined. 

The detrimental effect of RH on sexuality seems to be unresponsive to a more 
respectful surgical approach to the nervous pelvic architecture. Probably the com- 
plexity here is overwhelming the power of our studies. Further investigations are 
very welcome on this topic. 

In conclusion the detrimental impact of RH on long-term functional morbidity 
may be prevented with a standardized nerve-sparing surgical approach, and there- 
fore nerve-sparing radical hysterectomy should be considered the new standard of 
treatment for early-stage cervical cancer. 
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Giuseppe Cavallaro, Davide Cavaliere, and Stefano Scabini 


8.1 Introduction 


Since the experience reported by Heald in the early 1980s [1, 2], radical rectal sur- 
gery has dramatically changed in its functional and oncological outcomes. The 
identification of the so-called mesorectum and the importance of its proper fascia as 
an anatomical plane to be dissected and respected during radical surgery led to the 
standardization of a new surgical technique, the total mesorectal excision (TME), 
requiring a precise and diligent dissection outside the mesorectal (visceral) fascia 
[3]. So, excision of an intact mesorectum will therefore provide optimal surgical 
treatment. Local control and survival after TME are excellent in clinical series as 
well in large multicentric trials. 

Traditionally, rectal cancer surgery is affected by high risk of sexual and urinary 
dysfunction, mainly related to: patient (age, sex, and cultural and psychological fac- 
tors), pathology (tumor location and stage), preoperative radiotherapy. Even so, dur- 
ing accurate TME with respect of surgical planes, it is possible to preserve the 
pelvic autonomic nerves, as it is for hypogastric plexus during dissection and divi- 
sion of the inferior mesenteric artery [4]. Perfect knowledge of the anatomy of the 
pelvis and rectum is mandatory to achieve optimal oncologic and functional results. 


G. Cavallaro (%4) 
Department of Medico-Surgical Sciences and Biotechnologies, Sapienza University, 
Rome, Italy 

e-mail: giuseppe.cavallaro @uniroma1.it 


D. Cavaliere 
Surgery and Advanced Oncologic Therapies Unit, Morgagni-Pierantoni Hospital, 
AUSL Romagna, Forlì, Italy 


S. Scabini 
Oncologic Surgery Unit, IRCCS San Martino Institute, Genoa, Italy 


© Springer International Publishing Switzerland 2016 101 
A. Carbone et al. (eds.), Functional Urologic Surgery in Neurogenic 

and Oncologic Diseases, Urodynamics, Neurourology and Pelvic 

Floor Dysfunctions, DOI 10.1007/978-3-319-29191-8_8 


102 G. Cavallaro et al. 


8.2 Surgical Anatomy: Remarks and Considerations [5-10] 


The extraperitoneal rectum is embedded in a layer of fatty tissue containing drain- 
ing lymph nodes and vessels (superior and middle rectal artery and vein). This layer, 
named mesorectum, features its own fascia, called visceral fascia (or mesorectal 
fascia or fascia recti). Posterolaterally, the mesorectum lines the inner pelvic wall, 
while anteriorly it may be covered (differently in men and women) by the peritoneal 
reflection and is afterward separated from seminal vesicles and prostate (in males) 
or from the vagina (in females) by a fibrous tissue layer called Denonvilliers’ fascia 
(in males) and rectovaginal fascia (in females). The mesorectum gets thinner at the 
level of levator ani muscles and disappears at the anorectal junction. 

Laterally, the mesorectum takes connection to the parietal fascia by a condensa- 
tion of connective tissue (traditionally called lateral ligament), containing rectal 
branches of the pelvic autonomic nerve plexus and the middle rectal vessels (Fig. 8.1). 

The pelvic autonomic nerve plexus includes 


e Superior hypogastric plexus: located anteriorly to the body of L5, displaced on 
the left anterolateral side of the aorta and on its bifurcation, and represents the 
upper part of the pelvic plexus, being a continuation of the preaortic sympathetic 
plexus, originating from the spinal roots T10-L3. 

e Left and right hypogastric nerves: they originate from the superior hypogastric 
plexus at the promontory. They run medially to the ureter and common iliac 
artery, going along the sidewall of the fascia recti and end as afferent fibers for 
the inferior hypogastric plexus. Injuries to the superior hypogastric plexus or 
hypogastric nerves lead to ejaculation problems, such as delayed and retrograde 
ejaculation, or even to urinary urgency or incontinence. 


Fig.8.1 Schematic view 
of mesorectum and pelvic 
nerves: / rectum, 2 
mesorectum, 3 mesorectal 
fascia, 4 seminal vesicles, 
5 erector nerve, 6 
hypogastric nerve, 7 pelvic 
plexus, 8 pelvic wall, 9 
lateral ligament, /0 
Denonvilliers’ fascia, 77 
presacral fascia, 72 middle 
rectal artery, 73 bladder 
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e Pelvic splanchnic nerves: they originate from roots S2—S5 and contain mainly para- 
sympathetic fibers (erector nerves of Eckard); they are responsible for erection, 
detrusor contractility, vaginal lubrication, and arousal. These fibers pass through the 
sacral foramina, running inside the piriformis muscles and then cross the retrorectal 
space and form the inferior hypogastric plexus (pelvic plexus) with the hypogastric 
nerves. Some branches go to the rectum through the lateral ligaments. 

e Inferior hypogastric plexus (pelvic plexus): formed by the joining of the hypo- 
gastric nerve and pelvic splanchnic nerves; it lies as a triangle in a sagittal plane 
at the level of S4—S5, laterally to the rectum, outside the mesorectal fascia. It 
ends anteriorly close to the prostate and seminal vesicles. The efferent fibers of 
the plexus participate to the innervation of the rectum, bladder, seminal vesicles, 
prostate, ureters, corpora cavernosa, uterus, and vagina. So injuries at the level of 
the inferior hypogastric plexus can cause erectile dysfunction, dyspareunia and 
impaired sensation of pain, or altered ejaculation. 


Other nerves that may be involved and injured during radical rectal surgery, 
causing genitourinary dysfunction are 


e The levator ani muscle’s nerve, a motor nerve contributing to urinary continence, 
located within the muscle. 

e The pudendal nerve, containing both somatic and sympathetic fibers originating 
from S1 to S5 roots. It runs into the pudendal canal to the ischioanal fossa giving 
branches for the pelvic floor muscles, anal sphincter, and penis or clitoris. 


8.3 Technical Notes and Key Points (Fig. 8.2) 


8.3.1 Ligation of the Inferior Mesenteric Artery (IMA) 


IMA ligation at its origin from the aorta is a key point to obtain a complete removal 
of regional lymph nodes. This maneuver could lead to nerve damage, if artery dis- 
section is carried out without leaving a stump of at least 1-2 cm, thus preserving the 
preaortic and superior hypogastric plexus. Then, the presacral space at the transition 
between mesosigmoid and mesorectum is carefully dissected identifying and leav- 
ing posteriorly the hypogastric nerves. 


8.3.2 Total Mesorectal Excision 


During a TME, a sharp dissection is mandatory to entirely remove the rectum with 
respect of its visceral fascia integrity (mesorectal fascia also named fascia recti) and 
avoiding any infraction of the mesorectal fat tissue. These basic rules are mainstays for 
oncological safety when performing radical resection for rectal cancer. So the tumor 
and lymph nodes can be completely removed, minimizing the risk of recurrence. 


104 G. Cavallaro et al. 


Fig. 8.2 Intraoperative views during robotic surgery: (a) Dissection of the inferior mesenteric 
artery; the superior hypogastric plexus run along the aorta; IMA should be ligated and resected at 
2 cm above its own origin. (b) Dissection of mesorectum, left side; hypogastric nerve runs very 
close to the mesorectal fascia; it should be identified and lowered using a sharp dissection in the 
holy plane. (c) Dissection of mesorectum, right side: tractions and contra-tractions are essential for 
a correct dissection around the mesorectum. (d) The holy plane and pelvic nerves: the magnifica- 
tion and the stereoscopic view of the robotic system are useful in identification and then preserva- 
tion of anatomical structures 


The dissection begins posteriorly at the level of the promontory, going through 
the presacral space between the presacral fascia dorsally, and the mesorectal fascia 
ventrally, along an avascular plane, the so-called Heald’s “holy plane.” The superior 
rectal artery, situated just anteriorly to the fascia propria at the promontory, is a 
precise landmark for the identification of the most appropriate and safe plane of 
dissection. If the dissection plane lies too anteriorly, the risk is the infraction of the 
mesorectal fascia with higher risk of tumor spread. If the dissection lies too dorsally, 
there is an increased risk of bleeding and hypogastric nerves damage. These nerves 
run parallel to the ureter, 1-2 cm medially, underneath the internal iliac vessels, and 
can be followed until they get deeper into the presacral fascia (pelvic fascia) and 
plunge into the inferior hypogastric plexus. The posterior dissection ends at the 
level or rectosacral ligament. After completing this step, the dissection goes later- 
ally dividing the so-called lateral ligaments that contain the middle rectal arteries 
and run close to the inferior hypogastric plexus that is rarely directly identified. At 
this level, care must be taken to prevent the dissection of the ligaments too close to 
the parietal pelvic fascia in order to avoid nerve damage. 
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Then the dissection goes anteriorly for the identification of the seminal vesicles 
and prostate, and the Denonvilliers’ fascia should be always resected to obtain a 
proper TME. Nevertheless, many authors say that Denonvilliers’ fascia resection 
becomes mandatory only in selected cases, given the high risk of nerve injury when 
entering the plane anteriorly to this fascia. For most surgeons, dissection on the 
mesorectal plane within its proper fascia, posteriorly to the Denonvilliers’, protects 
the pelvic nerves and should be appropriated for posterior or posterolateral tumors; 
otherwise, the extramesorectal plane with resection of Denonvilliers’ fascia should 
be considered in case of anterior or anterolateral tumors. The mesorectum ends 
anteriorly just below the Denonvilliers’ fascia, and the correct plane of dissection 
lies along the muscular wall of the rectum. 


8.4 Functional Results: Open and Laparoscopic Surgery 


The primary aim of rectal cancer surgery is a curative resection. Even so, quality of 
life (QoL) may be considered as crucial as life expectancy. In particular, during 
surgery for rectal cancer, the maintenance of a proper genitourinary function by 
autonomic nerves preservation has become essential [10]. 

Nevertheless, even during correct TME with nerve preservation, rates of genito- 
urinary dysfunctions remain high, particularly after abdominal-perineal resection. 
Before the introduction of TME technique, the incidence of postoperative voiding 
and sexual dysfunction was unacceptable, with reported rates from 10 to 30% and 
40-60 %, respectively. Recent studies on autonomic nerve preservation during TME 
have described reduced postoperative rates of voiding and sexual dysfunction in the 
range of 0-12% and 10-35 %, respectively [11]. However, the real impact of the 
problem is probably higher, due to difficulties in conducting exhaustive clinical 
studies on this matter. 

The COLOR II randomized trial, published in 2014 [12], compared genitouri- 
nary dysfunction after laparoscopic versus open surgery for rectal cancer. The eval- 
uation of outcomes was made with the administration of QLQ-CR38 questionnaire 
before surgery and after 4 weeks, 6, 12, and 24 months. Among 617 patients enrolled 
(all with single rectal carcinoma located within 15 cm from the anal verge in a 2:1 
ratio/randomization of laparoscopic to open), only 385 completed this phase of trial, 
thus confirming the difficulty to conduct functional evaluations in such patients. 
Genitourinary function was altered after 4 weeks in both groups (patients with a 
single rectal cancer within 15 cm from the anal verge), even if without significant 
differences. After 12 months, slight improvement in sexual function was observed. 
The erectile dysfunction, observed in 64.5 % of patients treated by laparoscopy and 
55.6 % of patients treated by open access, worsened at 81.1% and 80.5 %, respec- 
tively, 4 weeks after surgery and 76.3 and 75.5 % after 12 months (with no signifi- 
cant difference between the two groups). 

A recent meta-analysis reported controversial results of laparoscopic versus 
open surgery. In fact, while some studies reported similar functional results (9.5 % 
of cases with postoperative erectile dysfunction and 3.1 % of cases with late bladder 
dysfunction), others report worse results in laparoscopic approach than open 
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surgery (increase of impotence or retrograde ejaculation) [13]. Hence, it remains 
unclear whether a mini-invasive approach may affect genitourinary function more 
than open surgery, as these results may be due to limited available data or different 
criteria of analysis. 

Urinary and sexual damage can be attributed to somatic and autonomic pelvic 
nerve injury during surgery. However, analyzing the functional outcomes after lapa- 
roscopic TME, we should consider that they may be biased by the multimodal ther- 
apy (preoperative chemotherapy and radiotherapy) employed in these patients and 
not only be directly caused only by the intraoperative preservation of the anatomy. 
Contin [14] compares late functional outcomes following preoperative neoadjuvant 
radiotherapy (RT) or combined chemoradiotherapy (CRT) plus surgery or surgery 
alone in the treatment of rectal cancer. This study highlighted that CRT negatively 
affects sexual functionality and concludes that the potential benefits of RT or CRT 
need to be balanced against the risk of increased genitourinary dysfunctions, inde- 
pendently of the surgical technique used. 

Moreover, Beppu [15] compared functional outcomes after short-term versus 
conventional neoadjuvant therapy and TME in 104 patients, concluding that the 
different neoadjuvant approaches are similar in both oncologic and functional 
results. 

Wiltink [16] analyzed data from 478 patients with a median follow-up of 
14 years after neoadjuvant short-term radiotherapy plus TME versus TME alone, 
reporting worse outcomes (in terms of penile erection in men and dyspareunia 
and vaginal dryness in women) in patients submitted to neoadjuvant RT than 
those who underwent surgery alone. Thus, not only surgical technique and intra- 
operative respect of the dissection planes and autonomic nerves but also the 
choice and modalities of preoperative therapies play an important role in terms 
of functional outcomes. 

Herman analyzes QoL effects of neoadjuvant CRT in locally advanced rectal 
cancer [17]. Global QoL showed a statistically significant and a borderline clini- 
cally significant decrease during CRT but returned to baseline 1 month after the end 
of treatment. As this is true for gastrointestinal symptoms, fatigue, and urinary 
defects, there is evidence that sexual enjoyment and sexual function remain persis- 
tently diminished after neoadjuvant CRT. 


8.5 The Impact of New Technologies 
8.5.1 Intraoperative Neuromonitoring 


Although intraoperative identification of hypogastric plexus and nerves is possible 
in the majority of patients, identification of the parasympathetic and sympathetic 
nerves extending deeply into the pelvis appears to be more challenging [18—21]. 
Several studies show that electrical stimulation of such autonomic nerves produces 
reproducible bladder contractions that can be used to perform a nerve-sparing tech- 
nique even during TME [22, 23]. 
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The newer intraoperative neuromonitoring (IONM) systems use bipolar electric 
stimulation of pelvic autonomic nerves under continuous electromyography of the 
internal anal sphincter and manometry of the urinary bladder [20, 21]. 

Although functional postoperative results are encouraging, they need to be vali- 
dated by prospective trials enrolling large series of patients. The available data report 
the safety of the IONM during rectal surgery and a significant lower rates of urinary 
and anorectal functional disturbances (and slight lower rates of sexual dysfunction) 
after surgery with IONM in comparison to “conventional” surgery [20, 21]. 


8.5.2 Robot-Assisted Surgery 


Robot-assisted (RA) TME for rectal cancer (RC) is gaining popularity as an effec- 
tive mini-invasive approach, enabling to overcome the technical limitations of con- 
ventional laparoscopy. However, it’s not clear whether the undeniable technological 
advantage of RA surgery translates into easier preservation of neural anatomy and 
better saving of autonomic urogenital function. 

In fact, although RA-TME generally shows better results, the differences from 
the standard laparoscopy are minimal and often do not achieve any concrete statisti- 
cal significance. 

Nonetheless, in case of obese patients, lower tumor location, and narrow pelvis 
dissection, the robotic approach reduces the conversion rates and the learning curve 
[24, 25] while maintaining unchanged short-term oncological results, but increasing 
the operating room time and costs. 

These early results should be taken with caution as derived from the analysis of 
nonrandomized studies, including limited series of patients. 

Currently, the only two randomized controlled trial comparing conventional lap- 
aroscopy to RA surgery for TME in RC are ongoing [26, 27], and results are not yet 
available; therefore we have no high level of evidence. 

It is interesting to notice that although studies comparing the two main mini- 
mally invasive techniques are lacking [28—40], there are at least seven systematic 
reviews and meta-analysis on this subject [41-47]; however, these studies often 
report single-center experiences involving small groups of patients, and therefore 
there is a significant risk of bias and imprecision. 

Focusing only on functional results, there are ten cohort studies available [10, 28, 
31, 36, 38, 48-52], but only six of them compare laparoscopy to RA surgery, among 
which are two retrospective and four prospective evaluations. Although most of 
them show an overall superiority of the RA technology [42], the findings need to be 
confirmed by randomized controlled trials enrolling a large number of patients. 

In any case, on the basis of currently available data, the incidence of urinary 
retention is generally lower after minimally invasive TME, both during laparoscopy 
and RA surgery, and often this event is not even reported with postoperative compli- 
cations [31, 39, 40]. 

Some other studies [28, 32, 37, 48] report without significant differences between 
the two approaches (2.6 % in the robotic group and 2.4 % in the laparoscopic group). 
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Even if the analysis is restricted to the studies focused on functional aspects, three of 
them report better results in the RA group, with faster recovery of urinary function 
[49] and urological benefits both at 3, 6, and 12 months after surgery [10, 32, 49]. 

Fecal incontinence and constipation are only reported in one study [28], again 
without significant differences between the two different approaches, respectively, 
2.7% and 8.1 % after laparoscopy versus 6.8 and 13.7 % after RA resection. 

Other authors analyzed the short-term results [39] and could not find such com- 
plications after minimally invasive surgery, independently from the use of RA 
technique. 

Erectile dysfunction is reported by several authors [28, 36], but there is no men- 
tion about the method of evaluation. Conversely, only one study [49] used a struc- 
tured and standardized questionnaire (IIEF) based on sexual desire; it showed a 
faster recovery of erectile function within 3 months from surgery in the robotic 
group and within | year in the laparoscopic group. 

Moreover, the appearance of erectile dysfunction seems not to be significantly 
related to the extension of mesorectal resection and tumor location but rather to be 
ascribed to the learning curve, the excision of bulky tumor and challenging dissec- 
tions [28]. 

Other authors [10, 32] report some benefits after RA surgery versus laparoscopy 
regarding sexual function at 3 and 6 months, but such differences seem to decrease 
over time. 


Conclusions 
Even if sexual, urinary, and fecal dysfunctions are sometimes important sequelae 
related to rectal cancer surgery, it is very difficult to have a precise idea of their 
occurrences. More difficult is also to compare different surgical approaches. 
Certainly, mini-invasive techniques magnify the imaging, and therefore well- 
trained surgeons may improve their results. 

However, analyzing the current literature is not possible to be conclusive 
because 


1. The population affected by rectal cancer is heterogeneous and mainly older 
than 65 years: to have a real pattern of genitourinary dysfunctions before sur- 
gery is not easy. 

2. The QoL tests employed are often subjective: the low rate of reported compli- 
cations regarding sexual dysfunction contrasted with the higher frequency of 
problems reported by patients in the questionnaires. 

3. In the literature, we may have observed bias of methods not only in retrospec- 
tive and observational studies but also in randomized clinical trials (studies 
which enrolled patients with high rectal cancer, laparoscopic-assisted tech- 
nique, intersphincteric dissection, others). 

4. Neoadjuvant therapy plays a fundamental role in genitourinary outcomes; 
probably, the magnified view and respect of holy plane and nervous structures 
are not sufficient to balance the injury of CRT, at this time indispensable 
in locally advanced rectal cancer. 
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5. A comparison between open and laparoscopic approach is very difficult and 
between conventional laparoscopy and robot-assisted surgery too; the expert 
team who have many years of experience with mini-invasive approach will 
never conduct a study with an “open surgery arm” to compare this aspect. 
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Alessandra Graziottin and Monika Lukasiewicz 


9.1 Introduction 


The extraordinary progress in oncologic surgery has blessed patients with a “second 
life.’ The minimally invasive surgery has the ambitious goal of maximizing the 
benefits in terms of health expectancy, a challenge far beyond the goal of increasing 
life expectancy. 

With this perspective, women’s quality of sexual life (QoL) becomes an even 
more urgent issue in gynecologic oncology [1-3]. The multifactorial etiology of 
gynecologic cancers (GC) and the increasing prevalence of such cancers at 
younger ages [4—6] require a comprehensive medical and psychosexual perspec- 
tive. In this context, premature iatrogenic menopause is an important factor to be 
considered [2]. 

Cancers may impact women’s sexual identity, sexual function, and sexual rela- 
tionships [1, 2]. This is all the more true in gynecologic cancer (GC), as they may 
wound women’s (and couple’s) sexuality in a number of significant ways [1-3, 7-13] 
(Table 9.1). Unfortunately, sexual issues are still neglected during clinical consulta- 
tions [9]. In Lindau et al. study [3], 74 % of patients believed their physicians should 
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Table 9.1 Main medical and sexual side effects after treatment for cervical cancers 


After surgery 


Radical hysterectomy 


Sexual side effects 


Lack of desire/interest/motivation 


Decreased vaginal lubrication/dryness 


Shortening of vagina 


Introital and deep dyspareunia 
Lack of sensations in the labia 
Infertility 
Urinary complications 


Voiding disorders 


Urinary infections 


Vesical fistulae 


Intestinal problems — ileus, fistulas, obstruction — wound infection 


Pelvic abscesses 


Ovariectomy 


Iatrogenic premature ovarian failure (POF) or insufficiency (POD 


Lymphadenectomy 


Leg and/or genital lymphedema, mono- or bilateral, according to the level and 
extension of the lymphadenectomy 


After radiotherapy 


Vaginal and pelvic fibrosis (“frozen pelvis”) 


Sexual dysfunction (vaginal dryness, narrowing/shortening of the vagina, bleeding/spotting, 
introital and deep dyspareunia) 


Bladder and rectal complications: incontinence, cystitis, diarrhea and pain 


After chemotherapy 


Cosmetic issues 


Iatrogenic premature menopause 


Sarcopenia and fibromyalgia 


Long-term peripheral neuropathies 


Neuroinflammation and depression 


Modified from Lukasiewicz and Graziottin [1] 


discuss sex, yet such discussions did not occur in the vast majority of cases. Indeed, 
up to 90% of women after GC may experience a loss in quality of life (QoL) and 
sexual difficulties [1—3, 7-12]. 

The aim of this chapter is to analyze the impact of GC on women’s sexuality and 
discuss how to improve the psychosexual and QoL outcomes in the context of “clas- 
sic” standardized treatments versus minimally invasive oncologic surgery. The 
paper is based on the evidence emerging from the available literature [1-132], plus 
the lifelong clinical experience of the authors. 


9 Oncologic Pelvic Surgery: Psychosexual Issues and Quality of Life 115 


9.2 Prevalence of Female Sexual Dysfunctions (FSDS) 
After GC 


GC and its treatment can cause short- and long-term effects on sexuality, reproduc- 
tive function, and overall QoL [1-3, 15-46]. In women treated for GC, available 
evidence indicates that: 


e Loss of sexual desire is reported from 38.4 to 68.3 % of women [1, 3, 15—46]. 

e Arousal problems, with vaginal dryness and coital difficulties, are complained of 
in 55-80 % of women [1, 3, 15—45]. 

e Orgasmic difficulties are reported by up to 75 % of patients [1, 3, 15—46]. 

e Dyspareunia in GC survivors ranges from 21.9 to 62 % [1, 3, 15—46]. Comorbidity 
between dyspareunia and bladder symptoms can be as high as 60 % [47-50]. 


9.3 Etiology of FSD in GC Survivors 


The etiology of FSD in women with GC is multifactorial. Sexual “comorbidity,” i.e., 
the coexistence of impairment in sexual desire/interest, arousal, and orgasm with 
increased dyspareunia, is significantly increased in GC survivors [1—3, 15—46]. 

The most relevant etiological factors are: 


9.3.1 Biological 


e Cancer dependent, based on: cancer histotype, stage [2], and recurrences, if any. 
Sexual outcomes improve, if minimally invasive surgery is oncologically feasi- 
ble and if sexual counseling, hormone therapy, when indicated, and pelvic floor 
rehabilitation are timely provided [1, 2, 24, 27]. 

¢ Treatment dependent: 

— Surgery: sexual outcomes are different in minimally invasive oncologic surgery 
versus conservative versus radical, if chemotherapy (ChT) and/or radiotherapy 

(RT) is needed or not, if successful nerve sparing has been performed. 

Type of surgery: in general, the most radical the surgery, the higher the probability 
of sexual dysfunctions and bladder symptoms. The most frequent complaints 
include vaginal shortening, vaginal dryness (unless menopausal hormone 
therapy, MHT, at least topical, is timely prescribed), introital and deep 
dyspareunia, coital orgasmic difficulties, and significant bladder comorbidities 
[16, 19, 28, 30, 33, 35, 48-51]. Lymphedema of the lower limbs and, in a few 
cases, of the vulva may further significantly affect body image and body feel- 
ings, cause depression, and contribute to further reduce sexual drive/interest 
and motivation for sexual intimacy [52, 53]. The minimally invasive surgery 
may definitely sign a huge difference in terms of sexual health expectancy. 
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Nerve sparing: it may contribute to a better sexual function and to a more 
competent bladder, with reduced bladder comorbidities [54-56] (see also 
Chap. 6, part 1). 

— Radiotherapy: women treated with radiotherapy alone are at a higher risk of 
an impaired sexual function in comparison to women not receiving radiation 
[57-61]: 

— Combined treatments: 

Surgery and RT: QoL is less disrupted by surgery alone than by surgery with 
additional treatment modalities (ChT and/or RT) [27, 34, 57]. Minimally 
invasive surgery, carefully performed, provides the best sexual outcomes 
(see also Chap. 6, part 1). 

Radiotherapy appears to be the most insidious treatment as its impact on geni- 
tal anatomy and physiology and on genital “cytoarchitecture,’ neurovascu- 
lar function, and sexuality develops gradually. If appropriate rehabilitation 
is not timely started, the scarring of the irradiated tissues and the progres- 
sive shortening and stenosis of the vagina may completely prevent penetra- 
tion [57-59]. Early prescription of topical and/or systemic estrogens, when 
indicated and oncologically appropriate, may contribute to maintaining 
lubrication and elasticity. Topical testosterone may further contribute to 
maintain a better cavernosal and vaginal vascular response [1, 2]. However, 
in these authors’ knowledge, no controlled data are available on testoster- 
one treatment in GC patients. Hands-on physiotherapy and vaginal molds 
are a critical part of the preventive strategy to minimize RT-negative 
outcomes. 

Surgery and ChT: the latter is usually combined with surgery in advanced 
GC. It leads to anemia; fatigue; hair loss and skin changes; loss of sex 
appeal, seductiveness, and beauty; weight changes; nausea; and diarrhea. 
It deeply affects body image, body feelings, and confidence on the sexual 
attractiveness of the woman, the partner, if any, and the “social mirror” 
perception [1, 2, 60, 62, 63]. Usually, ChT has the strongest impact on 
women’s sexual identity. Peripheral neuropathies, secondary to ChT, may 
affect up to 40% of cancer patients. They are underdiagnosed and under- 
treated, while their impact in terms of QoL can be devastating. 

— Treatment-related comorbidities may further contribute to impair the biologi- 
cal basis of women’s sexual function after GC diagnosis and treatment: 
Iatrogenic menopause causes intense and sudden menopausal symptoms (hot 

flashes, sweating, insomnia, tachycardia, joint pain, sexual dysfunctions — 
loss of libido, vaginal dryness, introital dyspareunia), concentration and 
memory difficulties, reduced assertiveness, low vital energy, loss of pubic 
hair, and reduced muscle mass [1, 2, 64—66], with a major impact on body 
image, body feelings, sexual drive, and motivation. Ovaries conservation, 
when oncologically feasible, should be prioritized in the surgical program. 

Infertility is a major depressing factor in childless women. Procedures for 
fertility preservation may modulate the QoL and sexual impact of GC 
treatment [32, 35, 47, 50]. 
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9.3.2 


Urinary incontinence is a direct consequence of the disruption of the sensory 


and motor nerve supply of the detrusor, with deterioration in detrusorial 
and urethral sphincter competence. Minimally invasive oncologic surgery 
(see Chap. 6, part 1) may specifically help women in protecting their uri- 
nary continence after GC. 


Negative feedbacks from the genitals, secondary to anatomic changes and vul- 


var/genital paresthesias and/or pain, cosmetic impairment, vulvar lymph- 
edema, vaginal dryness, anatomic vaginal changes, dyspareunia, lack of 
orgasm, and bladder symptoms [1, 47-51, 62-66, 71], may further worsen 
sexuality. They modify body image and body feelings and cause depres- 
sion, loss of sex drive, and motivation. Genital lymphedema is particularly 
devastating and difficult to be medically treated. 


Neuroinflammation and depression: a growing body of evidence indicates 


that neuroinflammation is the leading biological contributor of depression. 
Neuroinflammation is just as well of a major issue in oncologic patients 
[72, 73]. Inflammatory cytokines, tumor necrosis factor alpha, and many 
other inflammatory markers increase significantly in cancer patients, with 
peaks following surgery, chemo- and radiotherapies. The increase of 
inflammatory markers reaching the brain and the parallel hyperactivation 
of the microglia contribute to neuroinflammation, the powerful biological 
basis of depression, sleep disorders, fatigue and sickness behavior, and loss 
of vital energy and of sexual drive typical of the cancer treatment phase 
[74-76]. 


Psychosexual 


Psychological distress was described in 45 % of cancer survivors [76]. Psychosexual 
factors may be: 


Woman-dependent, correlated with: 


Age at diagnosis: the worst outcome is reported in younger patients who have 
not yet fulfilled their major life goals, like falling in love, achieving the desired 
career, getting married or living common law, or having children [1, 2, 
63-65]. 

Premorbid personality and sexual well-being [1]. 

Preexistent psychological-psychiatric problems [36, 39]. 


Cancer and treatment dependent: psychological distress may be exacerbated by 
distress combined with chronic fatigue, which is the symptom most complained 
of by cancer patients and the least listened to by physicians [1, 2, 8, 77, 78]. The 
impact of surgery, ChT, or RT on the woman’s body image and body feelings 
further contributes [62]. 

Socioeconomic and context dependent: poverty definitely worsens the outcomes 
as it makes less likely the probability of an early diagnosis, having the best sur- 
gery and follow-up treatments, using cultural awareness and economic means to 
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pursue the best postsurgical medical, psychosexual, and rehabilitative support. 
Besides, one meta-analysis shows that GC survivors are 1.4 times more likely to 
be unemployed than healthy women [81] and less likely to return to their job than 
other cancer survivors [82, 84]. Neurocognitive functions are significantly 
affected in patients treated with ChT [84], because of the associated neurotoxic- 
ity and neuroinflammation [71-75]. Moreover, quality of support in the couple 
and family and from healthcare providers is critical for the psychological out- 
come after treatment. Being single or in troubled/conflicting relationships further 
increases women’s psychosexual vulnerability after GC. 


9.4 QoLand Psychosexual Outcomes After GC 


The psychosexual impact of GC is higher in younger couples without children or 
with children at primary school age. The main psychological, sexual, and relational 
outcomes include [1, 2, 8, 9, 18, 75, 83, 92]: 


e Psychological outcome: sick women with cancer experience fear of death, which 
can marginalize the need of a sexual life for a period of time. Moreover, women 
who feel unattractive because of treatment side effects may feel rejected by their 
partners. Treatments cause a change in body image and body feelings, with a 
worrying sense of loss of control on their own body. Anxiety and depression usu- 
ally get worse over time, when recurrences and/or persistent side effects of treat- 
ment affect women’s QoL and sense of hope. Depression has two major 
contributors: a) the knowledge of having a life-threatening condition and b) the 
increase of inflammatory cytokines, tumor necrosis factor alpha, and many other 
inflammatory markers. They increase significantly in cancer patients, with peaks 
following surgery and chemo- and radiotherapies. This increase and the parallel 
hyperactivation of the microglia contribute to neuroinflammation, the powerful 
biological basis of depression, sleep disorders, fatigue and sickness behavior, 
and loss of vital energy and of sexual drive typical of the cancer treatment phase 
[71-73]. Inflammation is clearly the common denominator of both pain and 
depression, initiating the activation of several pathways that can trigger the tran- 
sition from sickness to depression and from acute to chronic pain, particularly 
stemming from peripheral neuropathies. Understanding neuroimmune mecha- 
nisms that underlie depression and pain comorbidity may yield effective pharma- 
ceutical targets that can treat both conditions simultaneously beyond traditional 
antidepressants and analgesics. 

e Sexual outcome: women with a life-threatening condition usually feel and report 
loss of desire and motivation for sexual activities. Moreover, physical conditions 
as vaginal dryness and introital and deep dyspareunia worsen this condition 
causing pain, orgasmic difficulties, and physical and emotional dissatisfaction. 

e Relational outcome: having a genital cancer may have a negative impact also on 
the partner and on the family. Couple problems are indeed very common in these 
cases, especially in younger couples, for the higher relevance that the sexual rela- 
tion has in everyday life. The specific fear of being contagious to the partner, in 
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HPV-related cancers, and the guilty feelings in regard to past personal and partner’s 
sexual behaviors are usually shared by patients with HPV-related cancers. Women 
may as well experience aggressive feelings against the partner considered respon- 
sible for the HPV infection (of having “caught” it) and the subsequent cancer. 


9.4.1 Sexual Relationship Considerations: What 
About the Partner? 


The male (and female) partner may experience sexual dysfunction, induced by the 
partner cancer condition (Table 9.2). Key issues of sexual partner of GC survivors are: 


e Sexual: men may experience loss of sexual desire due to the impact of the 
iatrogenic menopause on her sexual appeal and the changes in the aesthetic/ 
cosmetic appearance of the female genitals. Moreover, penetration may result 


Table 9.2 Key issues of sexual partner of GC survivors 


Sexual 
Loss of men’s sexual desire due to: 
1. Impact of the iatrogenic menopause on her sexual appeal 
2. Changes in the aesthetic/cosmetic/visual appearance of the female genitals 
3. Type, extension, and duration of treatment 


4. Recurrences, for their specific negative burden on the psychosexual adjustment and 
potential for hope in both partners 


Difficulty in penetration because of vaginal dryness, stenosis, retraction, and the feeling of 
vaginal shortness 


Loss of pleasure in oral sex because of: 


Loss of the “scent of woman” due to changes in genital scent caused by premature 
menopause, loss of estrogens, and related changes in the vaginal ecosystem and perfume 
of vaginal secretions 


Changes in the taste of vulvar skin and vaginal secretions for loss of sexual hormones and 
aversive taste of vaginal creams and suppositories 


Her loss of interest in sex due to fatigue, iron deficiency anemia, loss of energy, depression, 
and pain 

Her orgasmic difficulties because of loss of testosterone (after ovariectomy or ChT or RT) 
and consequences of treatment 


Fear about his ability to obtain or sustain an erection; vaginal dryness itself can challenge 
the quality of the erection and can be perceived as a sign of sexual refusal 


Psychosocial 
Difficulties in communication about sexual difficulties for 
The taboo of discussing intimate sexual issues 
The fear of hurting the cancer survivor or be perceived as “unsensitive” 
Reactive anxiety, depression, and uncertainty about the future 
Fears and concerns related to additional roles and family responsibilities 
Feelings of guilt about wanting to increase sexual intimacy or having a new partner 


Modified from Lukasiewicz and Graziottin [1] 
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very difficult because of vaginal dryness, stenosis, retraction, and the feeling of 
vaginal shortness. Premature menopause, loss of estrogens, and related changes 
in the vaginal ecosystem may change the perfume of vaginal secretions causing 
a loss of pleasure in oral sex because of the loss of the “scent of woman” and of 
the lovely arousing taste of natural vaginal secretions. 

e The woman’s loss of interest in sex due to fatigue, loss of energy, depression, and 
orgasmic difficulties because of consequences of treatment may impact on male 
arousal and cause difficulty to obtain or sustain an erection. Vaginal dryness may 
be perceived as a sign of sexual refusal and/or an indication of the “insensitivity” 
of his sexual request and approach. 

e Psychosocial: psychological intimacy may be impaired during important health 
issues as in the case of cancer. It is very difficult for the partner to communicate 
his concerns to the physician, in the presence of the partner, due to fear of hurting 
the cancer survivor. The possibility and usefulness of individual consultations for 
the partner should always be considered and offered. The inability in communi- 
cating may lead to reactive anxiety and depression. Moreover, uncertainty about 
the future leads to fears and concerns related to additional roles and family 
responsibilities during diagnosis, treatment, and recovery. Finally, it is not 
uncommon for the partner to experience feelings of guilt about wanting to 
increase sexual intimacy or having a new partner and to have difficulties in cop- 
ing with the illness of the partner and the “burden” of the family [2]. The main 
worries of partners of GC survivors are usually more intense in the case of lim- 
ited/absent communication [10, 23, 60, 61, 63, 76, 83, 92]: 50% of younger 
patients felt that more information about sexual changes should have been given 
to their husbands as well [93], to improve sexual outcomes [17]. 


9.5 Sexual Rehabilitation After Cancer Treatment 


The Scenario First: The Challenge of Avoiding a Minimalistic Approach 

1. Avoiding the “collusion of silence”: The first step to treatment is avoiding the 
collusion of silence between the woman and her physician. The majority of 
women think that vaginal atrophy and vulvar pain are normal and an ineluctable 
event during and after GC treatments. It is the physician’s responsibility to raise 
the problem, but it is rarely done: 50 % of physicians do not raise the subject, and 
only 14% of women who did discuss symptoms received a diagnosis and an 
effective treatment [94]. 

Before surgery, sexuality issues should be explained to the patients. A well- 
trained psycho-oncologist or nurse can immensely help patients with an early 
conversation on sexual issues. This intervention can turn into a main predictor of 
post-diagnosis marital adjustment [1, 10, 13]. 

2. Avoiding minimalistic treatment: what happens when a sexual problem is raised? 
Are we able to treat it? The second step is avoiding the minimalistic treatment: 
the majority of women facing a GC and asking (when asking) for solutions for 
their sexual concerns receive a lubricant as an answer. This is perceived as 
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9.6 


humiliating by the woman and as a deception by the man. Not only is a lubricant 
not enough to rehabilitate the female genital tract, as it is like lubricating a rigid 
tube, but it is also perceived as a humiliating fiction of arousal by the couple. 


Treatment Strategies 


During Surgery 


9.6.1 


Sentinel node biopsy to avoid leg lymphedema is to be recommended when 
oncologically appropriate. 

Nerve-sparing techniques are indicated to preserve bladder function and sexual- 
ity (see Chap. 6, part 1). 

Ovary conservation, when oncologically adequate, prevents premature meno- 
pause and maintains a better sexual function and body image. 


After Surgery: Pharmacologic Treatments 


Hormones (Box 9.1): 
— Topical estrogens (estradiol, estriol, promestriene, conjugated estrogens) 


should be prescribed soon after surgery more so if a shortened vagina after 
CC, in case of cervical squamous carcinoma [95-97] or vulvar/vaginal atro- 
phy (VVA), is present. Estriol has 1/80 of estradiol potency, and it is the safest 
estrogen (as it has a prominent action on estrogen receptor beta, which have 
antiproliferative and reparative actions). It can be used in a form of vaginal gel 
or vaginal suppositories, every other day, to maintain vaginal and bladder 
trophism. Estrogens have an effect on vaginal epithelium, diminishing post- 
menopausal vulvovaginal atrophy (VVA), protecting the normal pH and vagi- 
nal microbiota (“healthy biofilm”) [98], and thus decreasing the incidence of 
E. coli vaginitis and lower urinary tract infections (UTIs). They also have a 
protective effect on urethra and bladder, thus reducing urinary incontinence, 
overactive bladder, and recurrent postcoital cystitis that are complained of 
24-72 h after the intercourse [99-102]. 

Systemic estrogens: after hysterectomy, women can use only estrogens (without 
progesterone/progestins as they are indicated only to protect the endometrium). 
The good news for women and clinicians is that the Women’s Health Initiative 
(WHD study clearly indicated that the postmenopausal treatment with only estro- 
gens in hysterectomized women significantly reduces the risk of breast cancer, 
while it maintains all the benefits on the cardiovascular system, brain, bones, joints, 
gastrointestinal, urogenital system, and sensory organs, the skin and mucosae first. 
It can therefore be used in the long term, if symptoms persist. However, as the 
systemic administration may not be sufficient to guarantee a normal vaginal lubri- 
cation [103], topical estrogens should be added to optimize the functional outcome. 
Hormones are indicated after squamous cell carcinoma of the cervix or if bilateral 
ovariectomy (for cancers different from adenocarcinomas) has been performed. 
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— Testosterone: for topical use, in the form of cream of testosterone propionate 


(2%) or testosterone of vegetal derivative in Pentravan, a liposomic cream 
that maximizes transdermal and transmucosal treatment. Testosterone is indi- 
cated not only after ovariectomy [104] but also after pelvic radiotherapy or 
chemotherapy, as both destroy the ovarian Leydig cells, testosterone produc- 
ers. In all these cases, women lose more than 80% of the total testosterone 
with sexual symptoms (loss of desire/interest and drive, loss of systemic and 
genital arousal, reduced lubrication and cavernosal congestion, impaired 
orgasm) and systemic symptoms (depression, low vital energy, fatigue) unless 
testosterone is replaced. After 3 months of topical treatment, women report a 
more rapid genital congestion, more intense feelings of pleasure, and a reas- 
suring orgasm “comeback.” Partner reports that the physical response of the 
woman is more gratifying for both partners. Anecdotically, many partners 
report that with appropriate topical testosterone treatment, even the scent and 
taste of vaginal secretions and vulvar skin are much more pleasurable. 
DHEA in cream applied in the vagina is another useful tool to be explored in 
treatment. Preliminary data are very positive in terms of vaginal lubrication 
[105]. 

DHEA systemic (10 or 25 mg). Evidence-based data suggest a modest sys- 
temic effect, but the majority of women in the clinical setting report more 
energy, more positive feelings, increased muscle tone and strength (contrast- 
ing the sarcopenia typical of aging, menopause, and hospitalization, during 
cancer treatment), and an overall positive impact on mood and sexuality too. 
With appropriate clinical skill, the clinician can tailor the hormonal treatment 
according to the woman’s expectations with excellent results in terms of QoL 
and sexual well-being [106]. 


Box 9.1: Time Is Key 


e The window of opportunity concept, well accepted for postmenopausal 


hormone use to prevent/reduce cardiovascular and brain problems, is even 
more true for the vaginal dryness and atrophy after oncological gyneco- 
logical treatment: “the sooner the better” is the motto. The delay in the 
hormonal treatment, at least vaginal, leads to nonreversible atrophic 
changes, tissue retraction, and scarring, particularly after radiotherapy, that 
would affect forever the woman’s sexual life. 

Lifelong treatment is key, as women need vaginal estrogens, until the end 
of their life. When oncologically appropriate, topical hormonal treatments 
(such as estriol in gel) should be considered lifelong, if the goal is to pre- 
vent and cure the vaginal/bladder consequences of menopausal estrogen 
loss and of oncological treatments that further threaten the woman and 
couple’s sexual health. 
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Nonhormonal treatments: nonhormonal drugs (antidepressant, lubricants, hyp- 
notics, etc.) can be considered in hormone-dependent cancers to ease meno- 
pausal and sexual symptoms. 


9.7 Tips and Tricks for a Better QoL and Sexual Survival 


After GC 


Doctor, please, what can I do to feel better and reduce all these symptoms that kill me much 
more than my cancer? 


This is the request so many women ask their listening physician after the trau- 


matic experience of having cancer and undergone variably aggressive treatments. 


Clinical experience of the authors suggests a few more — usually neglected — 


adds to improve women’s QoL, energy, and sexuality. Controlled studies are cer- 
tainly important, but a huge clinical experience may offer some distilled tips 
hopefully useful in the office practice. They include, but are not limited to: 


Treat iron deficiency anemia (IDA) [107]: IDA is frequently present in cancer 
patients as a consequence of inadequate iron intake, increased losses, and side 
effects of treatment. The relationship of iron to brain function, cognition, and 
behavior, including affective behavior, is increasingly recognized [108]. IDA is 
associated with low mood, which further impair the coping attitudes after cancer 
[109]. Disturbances in iron metabolism have been suggested as potential patho- 
logical markers in depressed patients [110, 111]. IDA is correlated to chronic 
fatigue, which may exacerbate depressive symptoms and inertia. When consider- 
ing QoL and sexual rehabilitation after cancer, it is important to make the appropri- 
ate diagnosis of comorbid iron-deficient anemia and restore adequate iron levels. 
Treat vitamin D deficiency: in addition to its role in calcium and bone homeosta- 
sis, vitamin D potentially regulates many other cellular functions. Observational 
studies suggest an association between poor vitamin D status and muscle weak- 
ness; cancer risk, including risk of recurrences; and regulation of the immune 
system, even if results are still contradictory and more research is needed [112, 
113]. Vitamin D supplementation should be considered if the woman is found 
deficient after cancer treatment. 


e Antidepressants: depression not only causes great mental anguish, but it also 


interferes with fundamental biological processes that regulate inflammation, 
coagulation, metabolism, autonomic function, neuroendocrine regulation, sleep, 
and appetite. The use of low-dose antidepressants, such as selective serotonin 
reuptake inhibitors (SSRI), has a double mechanism of action: the inhibition of 
the serotonin reuptake and the recognized anti-inflammatory potential of these 
drugs which may both contribute to treat depression due to cancer and to the 
general inflammatory state correlated to it [114]. 

Alpha-lipoic acid (ALA) (300 mg twice a day, in capsules) is a potent natural 
antioxidant. Solid evidence shows significant benefits for symptomatic diabetic 
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neuropathy in several prospective, placebo-controlled studies [115]. The thera- 
peutic action of ALA is based on its antioxidant properties [116]. It can reduce 
pain in multiple organs and tissues. It is of special interest in case of peripheral 
neuropathies after chemotherapy and/or radiotherapy. 300 mg twice a day is 
clinically associated with a reported improvement of peripheral paresthesias 
after ChT. In the clinical setting, patients acknowledge its benefits in improving 
symptoms of ChT-induced peripheral neuropathies. 

e Palmitoylethanolamide (PEA) has a powerful anti-inflammatory, antalgic, and 
antidepressant effect as it contributes to reduce the neuroinflammation associ- 
ated with cancer treatment. It has a systemic, central, and peripheral action 
(600 mg twice a day in capsules or sublingual) [117]. 

e Hyaluronic acid has shown [1, 2] almost the same efficacy of estriol in terms of 
improved lubrication and vaginal trophism, with an interesting anti-inflammatory 
and antalgic action. It may be administered in the form of vaginal gel or supposi- 
tories, once a day until symptom relief has been obtained and then one applica- 
tion every other day, in the evening. It should be considered to relieve vaginal 
dryness when vaginal estrogens are not indicated or the woman prefers not to use 
hormones. 

e Colostrum vaginal gel: its powerful reparative action on the vagina’s mucosa, 
due to different trophic factors, is particularly useful when vaginal dryness is 
complained of. Its specific therapeutic role after GCs deserves prospective con- 
trolled studies. 

e Moisturizers and lubricants can help and are safe, but many women and partner 
do not like the “fiction of arousal” that lubricants give. 


9.7.1 After Surgery: Nonpharmacologic Therapies 


e Physiotherapeutic rehabilitation: Physiotherapists, but also specifically trained 
nurses and midwives, can have a still underappreciated role in the pelvic floor 
rehabilitation after GC. Specific treatment care includes a preliminary pharma- 
cologic treatment (either hormonal or nonhormonal) of vaginal dryness. 
Physiotherapy includes vaginal dilators, which are recommended to reduce the 
impact of pelvic radiotherapy on vaginal elasticity and receptiveness [118]. 
Dilators and topical estrogen therapy can synergize in reducing vaginal dryness 
and dyspareunia. Moisturizers and lubricants can ease penetration [119]. 
Information about sexual rehabilitation with dilators and physiotherapy should 
be provided by radiation oncologist before treatment. Specifically trained oncol- 
ogy nurses, who are naturally more prone to deal with the intimacy of the patients, 
should give psychological and medical support to the use of dilators. Usually, it 
is suggested to start dilation 4 weeks after treatment and to perform dilation two 
to three times a week for 1—3 min; this therapy has to be continued for 9-12 months 
[120]. In the authors’ practice, molds or dilators can be used earlier than | month. 
Daily use for 5 min, twice a day, provides better outcomes in terms of vaginal 
sexual elasticity, receptiveness, and “habitability.” 
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e Pelvic floor rehabilitation hands-on may further contribute to maintain elasticity 
through appropriate stretching, massage, electromyographic feedback, and phys- 
iotherapy [121]. 

e Regular sexual activity (if desired) has a great benefit in preventing vaginal atro- 
phy, once the vaginal trophism has been appropriately protected. The trophic 
impact of the neurovascular response associated with genital arousal is likely to 
promote genital neuroplasticity, endothelial trophism, and vessel plasticity. 


9.7.1.1 Special Clinical Issues and Pertinent Treatments 
¢ If lymphedema of the lower limbs is a concrete risk after lymph node removal, 
clinical recommendations include [1, 2, 52, 123]: 
— Diosmin-hesperidin treatment (two cps three times a day for 20 days, then 
two twice a day for 2—3 months) to improve lymph drainage 
— Daily brisk walking to facilitate lymph return 
— Lymph drainage with professional massage 
— Physiotherapy with specific techniques 
— Compressive stockings 


However, the evidence on the efficacy in effectively reducing lymphedema is still 
limited. No specific studies on the impact of lymphedema treatment on sexual out- 
comes have been found. 


Psychosexual Help 

Brief psychosexual interventions can address the informational and sexual needs of 
cancer patients [124, 125]. Mindfulness training incorporated in a psychoeduca- 
tional program for women with arousal disorder subsequent to gynecological cancer 
has been effective in preliminary studies [92, 126]. 

Many cancer institutions have established comprehensive multidisciplinary 
programs, focused on both the psychosexual and physical aspects of sexuality, 
with increased compliance with therapy and subjective improvement in sexual 
symptoms [127]. 

Palliative care providers can also be involved as they reassure patients and their 
partners that even at the end of life, when intercourse may not be feasible, physical 
sexual intimacy and emotional closeness can be encouraged and are worthwhile in 
a committed relationship. 


The Challenge of Improving Lifestyles After Cancer 

e Physical exercise: Recent studies have underlined the role of regular physical 
activity during and after treatment in improving cancer prognosis and overall 
survival, although the precise mechanisms are not fully understood. The most 
often cited improvements are reduced systemic and neuroinflammation, reduced 
depression and better immune functioning, better sleep [128], the great guardian 
of health and sexuality, and reduced fatigue and distress [129]. Physical activity 
helps to redesign the patient’s body map and improve it sexually. It has an impact 
also on the dopaminergic system, increasing dopamine secretion critical to 
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improve both the drive for life and for physical activity. Exercise is precious to 

avoid sarcopenia, which is more prevalent with increasing age, after iatrogenic 

menopause, and with long-lasting hospitalization due to cancer treatments. 

e Weight reduction may improve cancer outcomes. It improves body image, self- 
perception, vital energy, and sex drive, especially if combined with daily physi- 
cal activity. It reduces the general inflammation, decreasing the risk of depression 
and pain. 

e The importance of the diet. The American Cancer Society (ACS) and the 
American College of Sports Medicine (ACSM) have developed nutrition and 
physical activity guidelines for cancer survivors based on the available evidence 
linking diet, weight, and physical activity to cancer outcomes [130, 131]. In 
addition, while the American Society of Clinical Oncology advocates secondary 
prevention including maintenance of healthy body weight and adoption of an 
active lifestyle specifically for colorectal cancer survivors [132], these guidelines 
should be considered universally by all survivors. Key points of the ACS/ACSM 
recommendations include: 

— Maintain a healthy weight and attempt weight loss if overweight or obese. 

— Adopt a physically active lifestyle engaging in at least 30 min of moderate to 
vigorous physical activity on five or more days of the week. 

— Consume a healthy diet, with at least five servings of fruits and vegetables per 
day and limited ingestion of processed foods and red meats. 

— Limit alcohol to no more than one drink/day and avoid smoking: alcohol and 
smoke may exacerbate inflammatory condition and have a detrimental mental 
effect. 

e The importance of sleeping: protect the sleeping quality, also with the help of 
melatonin, a natural circadian sleep hormone [132]. 


Conclusions 

GC may affect QoL and women’s sexual identity, sexual function, and a couple’s 
relationship both biologically and psychosocially. The goal of maintaining and 
restoring the best possible sexual life (penetration included!), increasing the sex- 
ual health expectancy, should be present in the physicians and psychosexolo- 
gists’ mind in every step of cancer treatment. The more this principle is respected, 
the better the outcome. 

This chapter is extensively based on the authors’ clinical experience of 
decades of comprehensive sexual rehabilitation after GC. The evidence support- 
ing the pharmacologic choices is huge but usually not specifically evaluated in 
cancer patients. This pioneering use of many treatments in this specific field 
deserves clinical trials to evaluate its impact and significance in GC patients. 

For example, it may be worth evaluating the best intervention for vaginal dila- 
tor use, to determine which of the minimally absorbed local vaginal estrogen 
products (ring, tablet, or cream) best restores vaginal integrity and sexual satis- 
faction and the safety of intravaginal DHEA and testosterone for this particular 
group. The specific role of SERMs such as ospemifene and of nonpharmacologic 
treatments such as ALA, PEA, and hyaluronic acid should be evaluated. 
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Prospective clinical trials including patient-reported outcomes are also needed 
to identify subgroups at higher risk of long-lasting negative consequences in terms 
of QoL and sexuality. Future studies should then address the impact on sexual 
outcome of minimally invasive oncologic surgery (see also Chap. 6, part 1). 

Finally, physicians should improve their skills in discussing the sexual impli- 
cations of GC. As a patient stated: “It seems unbelievable to me that a surgeon 
would remove one’s sexual organs and never talk about sex” [3]. This is essential 
to help women to enjoy a more fulfilling “second life” after the challenging expe- 


rience of an intimate cancer. 
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Part Il 


Functional Urologic Surgery 
in Neurogenic Patients 


Antonio Luigi Pastore and Enrico Finazzi Agrò 


The lower urinary tract works as a group of interrelated structures whose purpose is 
to bring about efficient and low-pressure bladder filling, low-pressure urine storage 
with perfect continence, and periodic voluntary urine expulsion. A simple way of 
looking at the pathophysiology of all types of neurogenic voiding dysfunction will 
be presented, followed by a discussion of the various systems of classification. 
Consistent with the author’s philosophy and prior attempts to make the understand- 
ing, evaluation, and management of voiding dysfunction as logical as possible [1], 
a functional and practical approach will be favored. 


10.1 Normal Lower Urinary Tract Function 


As to store and periodically eliminate urine, the lower urinary tract is regulated by 
a complex neural control system located in the brain, spinal cord, and peripheral 
autonomic nerves that coordinates the activity of smooth and striated muscles of the 
bladder and urethral outlet. Neural control of micturition is organized as a complex 
hierarchic system in which spinal storage mechanisms are in turn regulated by cir- 
cuitry in the rostral brainstem that initiates reflex voiding. Input from the forebrain 
triggers voluntary voiding by modulating the brainstem circuitry (Fig. 10.1). 

The major component of the micturition switching circuit is a spino-bulbospinal 
parasympathetic reflex pathway that has essential connections in the periaqueductal 
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Fig. 10.1 A highly simplified model of neural control of the lower urinary tract. Afferent infor- 
mation is carried through visceral and somatic afferents to the spinal cord and to the periaqueductal 
gray and then further on to several other brain areas. The prefrontal cortex exerts tonic inhibition 
on the “brainstem switch” (periaqueductal gray and PMC). Receiving information on a full blad- 
der, it decides on the social appropriateness of initiating voiding, coordinating the overall behav- 
ioral response. The limbic circuit (assessing emotional and safety homeostatic issues) may promote 
or inhibit “voluntary” voiding. The periaqueductal gray is the relay center for both afferent infor- 
mation and downstream commands. The pontine micturition center coordinates synergic voiding 
by simultaneously activating the bladder and the inhibiting sphincter 


gray and pontine micturition center (PMC). A computer model of this circuit that 
mimics the switching functions of the bladder and urethra at the onset of micturi- 
tion is herein described. Micturition occurs involuntarily during the early postnatal 
period, after which it is regulated voluntarily. Diseases or injuries of the nervous 
system in adults cause the reemergence of involuntary micturition, leading to 
urinary incontinence. The mechanisms underlying these pathologic changes are 
discussed. 

Although disagreements exist regarding anatomic, morphologic, physiologic, 
pharmacologic, and mechanical details involved in both the storage and expulsion 
of urine by the lower urinary tract, there are points of literature agreement [1, 2]. 
The first is that the micturition cycle involves two relatively discrete processes: (1) 
bladder filling and urine storage and (2) bladder emptying. The second is that, what- 
ever the details involved may be, one can succinctly summarize these processes 
from a conceptual point of view as follows: 
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Bladder filling and urine storage require: 


1. Accommodation of increasing volumes of urine at a low intravesical pressure 
and with appropriate sensation 

2. A bladder outlet that is closed at rest and remains so during increases in intra- 
abdominal pressure 

3. Absence of involuntary bladder contractions 


Bladder emptying requires: 


1. A coordinated contraction of the bladder smooth musculature of adequate 
magnitude 

2. A concomitant lowering of resistance at the level of the smooth and striated sphincters 

3. Absence of anatomic (as opposed to functional) obstruction 


The term smooth sphincter refers to a physiologic, though not anatomic, not under 
voluntary control (this includes the smooth musculature of the bladder neck and proxi- 
mal urethra). The striated sphincter refers to the striated musculature, which is a part of 
the outer wall of the urethra in both the male and female (intrinsic or intramural) and the 
bulky skeletal muscle group that surrounds the urethra at the level of the membranous 
portion of the male and the middle segment in the female (extrinsic or extramural). The 
extramural portion, classically described as “external urethral sphincter,’ is under volun- 
tary control [3, 4]. Any type of voiding dysfunction must result from an abnormality of 
one or more of the factors previously listed. This two-phase concept of micturition, with 
the three components of each related either to the bladder filling or to the outlet, provides 
a logical framework for a functional categorization of all types of voiding dysfunction 
and disorders as related primarily to filling/storage or to emptying. There are indeed 
some types of voiding dysfunction that represent combinations of filling/storage and 
emptying abnormalities. Within this scheme, however, these become readily under- 
standable, and their detection and treatment can be logically described. All aspects of 
urodynamic and video urodynamic evaluation can be conceptualized exactly as what 
they evaluate in terms of either bladder or outlet activity during filling/storage or empty- 
ing. One can easily classify all known treatments for voiding dysfunction under the 
broad categories of whether they facilitate filling/storage or emptying and whether they 
do so by an action primarily on the bladder or on one or more of the components of the 
bladder outlet. Finally, the individual disorders produced by various neuromuscular dys- 
functions can be thought of in terms of whether they produce primarily storage or emp- 
tying abnormalities, or a combination of the two. 


10.2 Pathophysiology of Filling/Storage and Emptying 
Functions: Overview 


Pathophysiology of the lower urinary tract may affect storage and/or voiding phase 
and may be secondary to reasons related to the bladder, the outlet, or both. 
Hyperactivity of the bladder during filling can be expressed as phasic involuntary 
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contractions, as low compliance, or as a combination. Involuntary contractions are 
most commonly seen in association with neurologic disease or following neurologic 
injury; however, they may also be associated with aging, inflammation or irritation 
of the bladder wall, or bladder outlet obstruction or they may be idiopathic. 
Decreased compliance during filling may be secondary to neurologic disease, usu- 
ally at a sacral or infrasacral level, but may also result from any process that destroys 
the viscoelastic or elastic properties of the bladder wall. Storage failure may also 
occur in the absence of hyperactivity secondary to hypersensitivity or pain during 
filling. Irritation and inflammation can be responsible, as well as neurologic, psy- 
chologic, or idiopathic causes. The classic clinical example is represented by inter- 
stitial cystitis. 

Decreased outlet resistance may result from any process that damages the inner- 
vation, structural elements, or support of the smooth or striated sphincter. This may 
occur with neurologic disease or injury, surgical as well as other mechanical trauma, 
or aging. Assuming the bladder neck and proximal urethra as competent at rest, the 
lack of a stable suburethral supportive layer [5] seems a plausible explanation of the 
primary factor responsible for genuine stress urinary incontinence in the female. 
Such failure can occur because of laxity or hypermobility, both resulting in a failure 
of the normal transmission of intra-abdominal pressure increases to the bladder out- 
let. The primary etiologic factors may be any among the causes of pelvic floor 
relaxation or weakness. The treatment of filling/storage abnormalities is directed 
toward inhibiting bladder contractility, decreasing sensory input, or mechanically 
increasing bladder capacity or toward increasing outlet resistance, either continu- 
ously or just during increases in intra-abdominal pressure. 

Absolute or relative failure to empty results from decreased bladder contractility 
(a decrease in magnitude or duration), increased outlet resistance, or both. Absolute 
or relative failure of bladder contractility may result from temporary or permanent 
alteration in one or more of the neuromuscular mechanisms necessary for initiating 
and maintaining normal detrusor contractions. Inhibition of the voiding reflex in a 
neurologically normal individual may also occur by a reflex mechanism secondary 
to painful stimuli, especially from the pelvic and perineal areas but such an inhibi- 
tion may be psychogenic. Non-neurogenic causes can also include impairment of 
bladder smooth muscle function, which may result from over distention, severe 
infection, or fibrosis. Pathologically increased outlet resistance is generally seen in 
the male and is most often secondary to anatomic obstruction, but it may be second- 
ary to a failure of coordination (relaxation) of the striated or smooth sphincter dur- 
ing bladder contraction. Striated sphincter dyssynergia is a common cause of 
functional (as opposed to fixed anatomic) obstruction in patients with neurologic 
disease or injury. The treatment of emptying failure generally consists of attempts 
to increase intravesical pressure or facilitate or stimulate the micturition reflex, to 
decrease outlet resistance, or both. If all else fail or the attempt is impractical, inter- 
mittent catheterization is an effective way of circumventing emptying failure. 

Lesions of the nervous system, central or peripheral, can result in patterns of 
LUT dysfunction that are influenced by the level of the lesion (Fig. 10.2) [6]. 
Lesions of the relevant suprapontine or spinal pathways regulating LUT functions 
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Suprapontine lesion 

+ History: predominantly storage symptoms 

+ Ultrasound: insignificant PVR urine volume 
+ Urodynamics: detrusor overactivity 


Spinal (infrapontine-suprasacral) lesion 

+ History: both storage and voiding sympotoms 

+ Ultrasound: PVR urine volume usually raised e 

+ Urodynamics: detrusor overactivity, detrusor-sphincter 
dyssynergia Overactive 


Sacral/infrasacral lesion 


+ Ultrasound: PVR urine volume raised 
+ Urodynamics: hypocontractile or 
acontractile detrusor Normo-active Underactive 


Fig. 10.2 The pattern of lower urinary tract dysfunction following neurologic disease is deter- 
mined by the lesion site. The blue box represents the region above the pons, and the green one the 
sacral cord and infrasacral region. The expected dysfunctional status of the detrusor-sphincter 
complex is shown in figures on the right side. PVR post-void residual 


affect the storage phase, resulting in reduced bladder capacity and detrusor overac- 
tivity, expressed as spontaneous involuntary contractions of the detrusor. The patient 
might report varying degrees of urinary urgency, frequency, nocturia, and inconti- 
nence (collectively known as overactive bladder symptoms). Incontinence in 
patients with neurologic disorders is most commonly caused by detrusor overactiv- 
ity, identified by urodynamic studies. A sensation of urinary urgency is experienced 
as the detrusor begins to contract, and if the pressure rise continues, the patient 
senses impending micturition. 

The mechanisms of detrusor overactivity after suprapontine damage are different 
from those after spinal cord injury (SCI). Damage to the suprapontine neural cir- 
cuitry results in the removal of the tonic inhibition of the PMC so that spontaneous 
involuntary detrusor contractions occur. By contrast, the detrusor overactivity result- 
ing from spinal cord lesions is due to the emergence of a segmental reflex at the level 
of the sacral cord, mediated by capsaicin-sensitive C-fiber afferents, which drive 
involuntary detrusor contractions. After an acute SCI, there is initially a phase of 
spinal shock, during which the detrusor is hypocontractile or acontractile and associ- 
ated with poor bladder emptying, before spontaneous contractions occur. The duration 
of this phase may vary, although it is usually said to be about 6 weeks. However, 
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during the evolution of an insidious spinal disease, the onset of detrusor overactivity 
can be the first observed event. The mechanism of sensitization of “silent” C fibers 
after SCI is uncertain; however, it is probably mediated by alterations in central syn- 
aptic connections and properties of the peripheral afferent receptors [7, 8]. 

Injury to the suprasacral spinal pathways also results in the loss of coordinated 
activation of the detrusor and inhibition of the urethral sphincter during voiding. 
Instead, there is a simultaneous contraction of the detrusor and urethral sphincter, 
known as detrusor-sphincter dyssynergia (DSD). This condition can result in void- 
ing difficulties and incomplete bladder emptying and also dangerously high pres- 
sures in the bladder. Incomplete bladder emptying can also result from impaired 
parasympathetic drive caused by damage of descending bulbospinal pathways [6]. 
Lesions of the sacral cord or infrasacral pathways result in voiding dysfunction 
associated with poorly sustained or absent detrusor contractions and/or non-relaxing 
sphincter. Variations from these expected patterns of symptoms and findings should 
warrant a search for additional urological pathologies that could be occurring 
concomitantly. 


10.3 Classification of Voiding Dysfunction 


The purpose of any classification system should be to facilitate understanding and 
management of a dysfunction or pathology. A good classification should serve as an 
intellectual shorthand and should provide, in a few key words or phrases, the essence 
of the clinical situation. An ideal system for all types of voiding dysfunction would 
include or imply a number of factors: 


1. The conclusions reached from urodynamic testing 
2. Expected clinical symptoms 
3. The approximate site and type of neurologic lesion, or lack of one 


If the various categories accurately portray pathophysiology, treatment options 
should then be obvious, and a treatment “menu” should be evident. Most systems of 
classification for voiding dysfunction were formulated in order to describe dysfunc- 
tions secondary to neurologic disease or injury. The ideal system should be appli- 
cable to all types of voiding dysfunction. Based upon the data obtained from the 
neuro-urologic evaluation, a given voiding dysfunction can be categorized in a num- 
ber of descriptive systems. In an individual patient, however, several factors define 
the particular state of the bladder and its outlet, and a “neurologic” classification of 
(neurogenic) LUTD has not been proven as clinically useful. The European 
Association of Urology Guidelines on Neurogenic Lower Urinary Tract Dysfunction 
[9] recommends the simple and therapeutically oriented Madersbacher classifica- 
tion system [10] for clinical practice, which differentiates between the state of the 
detrusor (on one side) and that of the urethral sphincter (on the other side) as either 
under- or overactive (or normal; Fig. 10.3). The most common dysfunction related 
to the nervous system lesions is an overactive detrusor with urgency, frequency, 
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Fig. 10.3 The various patterns of neurogenic LUTD. While the normally functioning LUT is 
composed of a normoactive detrusor and normoactive urethral sphincter, either of these may 
become overactive or underactive as a consequence of neural system lesions. All different combi- 
nations of a normoactive, overactive, or underactive detrusor with a normoactive, overactive, or 
underactive urethral sphincter may be found in individual patients. This classification of LUTD 
was proposed by Madersbacher [3] and is clinically the most useful as it is directly applicable for 
planning rational treatment. Here, two common patterns of possible LUTD in two individual 
patients are shown, one demonstrating a combination of an underactive detrusor with a normoac- 
tive sphincter and the other an overactive detrusor with an overactive sphincter. The patient in the 
upper right corner is at risk of developing upper urinary tract involvement. The graph was con- 
structed using the Madersbacher classification [10] 


nocturia, and urge incontinence; if associated with an overactive/dyssynergic ure- 
thral sphincter, the result is high intravesical pressure leading to kidney failure. 
Herein we report the most important classifications described through the years. 


10.3.1 Bors-Comarr Classification 


This classification system was deduced from clinical observation of patients with 
traumatic spinal cord injury [11]. This system applies only to patients with neuro- 
logic dysfunction and takes under consideration three principal factors: 


1. The anatomic localization of the lesion 
2. The neurologic completeness of the lesion 
3. Whether lower urinary tract function is “balanced” or “unbalanced” 
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The latter terms are based solely on the percentage of residual urine relative to blad- 
der capacity. “Unbalanced” implies greater than 20% residual urine in a patient with an 
upper motor neuron (UMN) lesion or 10% in a patient with a lower motor neuron 
(LMN) lesion. This relative residual urine volume was ideally meant to imply coordina- 
tion (synergy) or dyssynergia of the smooth and striated sphincters during bladder con- 
traction or attempted micturition by abdominal straining or Crede’s maneuver. The 
determination of the completeness of the lesion is made on the basis of a thorough 
neurologic examination. The system erroneously assumed that the sacral spinal cord is 
the primary reflex center for micturition. Lower motor neuron implies collectively the 
preganglionic and postganglionic parasympathetic autonomic fibers that innervate both 
the bladder and outlet and originate as preganglionic fibers in the sacral spinal cord. The 
term is used in an analogy to efferent somatic nerve fibers, such as those of the pudendal 
nerve, which originate in the same sacral cord segment but terminate directly on pelvic 
floor striated musculature without the interposition of ganglia. “UMN?” is used in a simi- 
lar analogy to the somatic nervous system to describe those descending autonomic path- 
ways above the sacral spinal cord (the origin of the motor efferent supply to the bladder). 
In this system, “upper motor neuron bladder” refers to the pattern of micturition that 
results from an injury to the suprasacral spinal cord after the period of spinal shock has 
passed, assuming that the sacral spinal cord and the sacral nerve roots are intact and that 
the pelvic and pudendal nerve reflexes are intact. Lower motor neuron bladder refers to 
the pattern resulting from damaging of the sacral spinal cord or sacral roots and when 
the reflex pattern through the autonomic and somatic nerves that emanate from these 
segments is absent. This system implies that when skeletal muscle spasticity exists 
below the level of the lesion, the lesion is above the sacral spinal cord and is by defini- 
tion an UMN lesion. This type of lesion is characterized by detrusor hyperreflexia dur- 
ing filling. If flaccidity of the skeletal musculature below the level of a lesion exists, an 
LMN lesion is assumed to exist, implying detrusor areflexia. Exceptions occur and are 
classified in a “mixed lesion” group characterized either by detrusor hyperreflexia with 
a flaccid paralysis below the level of the lesion or by detrusor areflexia with spasticity or 
normal skeletal muscle tone neurologically below the lesion level. 

The use of this system is illustrated as follows: a complete, unbalanced, UMN lesion 
implies a neurologically complete lesion above the level of the sacral spinal cord that 
results in skeletal muscle spasticity below the level of the injury. Detrusor hyperreflexia 
exists during filling, but a residual urine volume greater than 20 % of the bladder capac- 
ity is left after bladder contraction, implying obstruction in the area of the bladder 
outlet during the hyperreflexic detrusor contraction. This obstruction is generally due 
to striated sphincter dyssynergia, typically occurring in patients who are paraplegic and 
quadriplegic with lesions between the cervical and the sacral spinal cord. Smooth 
sphincter dyssynergia may also be seen in patients with spinal cord lesions above the 
level of T6, usually in association with autonomic hyperreflexia. An LMN lesion, com- 
plete and unbalanced, implies a neurologically complete lesion at the level of the sacral 
spinal cord or of the sacral roots, resulting in skeletal muscle flaccidity below that level. 
Detrusor areflexia results and whatever measures the patient may use to increase intra- 
vesical pressure during attempted voiding are not sufficient to decrease residual urine 
to less than 10% of bladder capacity. This classification system applies best to spinal 
cord injury patients with complete neurologic lesions after spinal shock has passed. It 


10 Neurogenic Voiding Dysfunction: Pathophysiology and Classification 143 


is difficult to apply to patients with multicentric neurologic disease and cannot be used 
at all for patients with non-neurologic disease. The system fails to reconcile the clinical 
and urodynamic variabilities exhibited by patients who, by neurologic exam alone, 
seem to have similar lesions. The period of spinal shock that immediately follows 
severe cord injury is generally associated with bladder areflexia, whatever the status of 
the sacral somatic reflexes. Temporary or permanent changes in the bladder or outlet 
activity during filling/storage or emptying may occur secondary to a number of factors 
such as chronic overdistention, infection, and reinnervation or reorganization of neural 
pathways following injury or disease; such changes make it impossible to always accu- 
rately predict lower urinary tract activity solely on the basis of the level of the neuro- 
logic lesion. Finally, although the terms “balanced” and “unbalanced” are helpful, in 
that they describe the presence or absence of a certain relative percentage of residual 
urine, and they do not necessarily imply the true functional significance of a lesion, 
which depends on the potential for damage to the lower or upper urinary tracts, and 
also on the social and vocational disability that results. 


Sensory neuron lesion 
Incomplete, balanced 
Complete, unbalanced 
Motor neuron lesion 
Balanced 

Unbalanced 


Sensory-motor neuron 
lesion 


Upper motor neuron lesion 
Complete, balanced 


Complete, unbalanced 
Incomplete, balanced 


Incomplete, unbalanced 


Lower motor neuron lesion 


Complete, balanced 
Complete, unbalanced 
Incomplete, balanced 


Incomplete, unbalanced 


Mixed lesion 

Upper somatomotor neuron, lower 
visceromotor neuron 

Lower somatomotor neuron, upper 
visceromotor neuron 

Normal somatomotor neuron, lower 
visceromotor neuron 


10.3.2 The Hald-Bradley Classification 


This is a simple classification exclusively based on the lesion neurotopography [12]. 

A supraspinal lesion implies synergy between detrusor contraction, smooth and stri- 
ated sphincters, and a defective inhibition of the voiding reflex. Detrusor hyperreflexia 
generally occurs and sensation is usually preserved. However, depending on the site of 
the lesion, detrusor areflexia and defective sensation may be present. A suprasacral 
spinal lesion is roughly equivalent to what is described as a UMN lesion in the Bors- 
Comarr classification [11]. An infrasacral lesion is roughly equivalent to an LMN 
lesion. Peripheral autonomic neuropathy is most frequently encountered in the diabetic 
patients and is characterized by deficient bladder sensation, gradually increasing resid- 
ual urine and ultimate decompensation, with loss of detrusor contractility. A muscular 
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lesion can involve the detrusor itself, the smooth sphincter, or any portion, or all, of the 
striated sphincter. The resultant dysfunction is dependent on which structure is princi- 
pally affected. Detrusor dysfunction is the most common and generally results from 
decompensation, following long-standing bladder outlet obstruction. 


The Hald-Bradley classification 
Suprasacral lesion 

Suprasacral spinal lesion 
Infrasacral lesion 

Peripheral autonomic neuropathy 


Muscular lesion 


10.3.3 The Bradley Classification 


This is a primarily neurologic system based upon a conceptualization of the central 
nervous system control of the lower urinary tract as including four neurologic 
“loops.” Dysfunctions are classified according to the loop affected [13]. 

Loop 1 consists of neuronal connections between the cerebral cortex and the 
pontine mesencephalic micturition center; this coordinates voluntary control of the 
detrusor reflex. Loop 1 lesions are seen in conditions such as brain tumor, cerebro- 
vascular accident or disease, and cerebral trophy with dementia. The final result is 
characteristically detrusor hyperreflexia. 

Loop 2 includes the intraspinal pathway of detrusor muscle afferents to the brain- 
stem micturition center and the motor impulses from this center to the sacral spinal 
cord. Loop 2 is thought to coordinate and provide for a detrusor reflex of adequate 
temporal duration to allow complete voiding. Partial interruption by spinal cord injury 
results in a detrusor reflex of low threshold and in poor emptying with residual urine. 
Spinal cord transection of loop 2 acutely produces detrusor areflexia and urinary 
retention-spinal shock. After this has passed, detrusor hyperreflexia results. 

Loop 3 consists of the peripheral detrusor afferent axons and their pathway in the 
spinal cord; these terminate by synapsing on pudendal motor neurons that ulti- 
mately innervate periurethral striated muscle. 

Loop 3 was thought to provide a neurologic substrate for coordinated reciprocal 
action of the bladder and striated sphincter. Loop 3 dysfunction could be responsi- 
ble for detrusor-striated sphincter dyssynergia or involuntary sphincter relaxation. 

Loop 4 consists of two components. Loop 4A is the suprasacral afferent and 
efferent innervation of the pudendal motor neurons to the periurethral striated mus- 
culature which synapse on pudendal motor neurons in Onuf nucleus — the segmental 
innervation of the periurethral striated muscle. In contrast to the stimulation of 
detrusor afferent fibers, which produce inhibitory postsynaptic potentials in puden- 
dal motor neurons through loop 3, pudendal nerve afferents produce excitatory 
postsynaptic potentials in those motor neurons through loop 4B. 

These provide for contraction of the periurethral striated muscle during bladder 
filling and urine storage. The related sensory impulses arise from muscle spindles 
and tendon organs in the pelvic floor musculature. 
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Loop 4 provides for volitional control of the striated sphincter. Abnormalities of 
the suprasacral portion result in abnormal responses of the pudendal motor neurons 
to bladder filling and emptying, manifested as detrusor-striated sphincter dyssyner- 
gia, and/or loss of the ability to voluntarily contract the striated sphincter. 

This system is sophisticated and reflects the neurophysiologic expertise of its 
creator, Dr. William Bradley. For some neurologists, this method may be an excel- 
lent way to conceptualize the neurophysiology involved, assuming that they agree 
on the existence and significance of all four loops. Most urologists find this system 
difficult to use for many types of neurogenic voiding dysfunction and not at all 
applicable to non-neurogenic voiding dysfunction. Urodynamically, it may be 
extremely difficult to test the intactness of each loop system, and multicentric and 
partial lesions are difficult to describe. 


10.3.4 The Lapides Classification 


This is a modification of a system originally proposed by the Neurologist McLellan 
in 1939 [14, 15]. This remains one of the most familiar systems to urologists and 
non-urologists because it describes in recognizable shorthand the clinical and cys- 
tometric conditions of many types of neurogenic voiding dysfunction. 

A sensory neurogenic bladder results from interruption of the sensory fibers between 
the bladder and spinal cord or the afferent tracts to the brain. Diabetes mellitus, tabes 
dorsalis, and pernicious anemia are most commonly responsible. The first clinical 
changes are described as those of impaired sensation of bladder distention. Unless 
voiding is initiated on a timed basis, varying degrees of bladder over distention can 
result with resultant hypotonicity. With bladder decompensation, significant amounts 
of residual urine are found, and, at this time, the cystometric curve generally demon- 
strates a large bladder capacity with a flat, high-compliance, low-pressure filling curve. 

A motor paralytic bladder results from disease processes that destroy the para- 
sympathetic motor innervation of the bladder. Extensive pelvic surgery or trauma 
may produce this. Herpes zoster has been listed as a cause as well, but recent evi- 
dence suggests that the voiding dysfunction seen with herpes is more related to a 
problem with afferent input. 

The early symptoms may vary from painful urinary retention to only a relative 
inability to initiate and maintain normal micturition. Early cystometric filling is 
normal but without a voluntary bladder contraction at capacity. Chronic over disten- 
tion and decompensation may occur in a large bladder capacity with a flat, low- 
pressure filling curve; a large residual urine may result. 

The uninhibited neurogenic bladder was described originally as resulting from 
injury or disease to the “cortico-regulatory tract.’ The sacral spinal cord was pre- 
sumed to be the micturition reflex center, and this “cortico-regulatory tract’ was 
believed to exert an inhibitory influence on the sacral micturition reflex center. 
A destructive lesion in this tract would then result in over-facilitation or lack of inhi- 
bition of the micturition reflex. Cerebrovascular accident, brain or spinal cord tumor, 
Parkinson’s disease, and demyelinating disease are the most common causes in this 
category. The voiding dysfunction is most often characterized symptomatically by 
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frequency, urgency, and urge incontinence. Urodynamically, one sees normal sensa- 
tion with an involuntary bladder contraction at low filling volumes. Residual urine is 
characteristically low unless anatomic outlet obstruction or true smooth or striated 
sphincter dyssynergia occurs. The patient generally can initiate a bladder contraction 
voluntarily, but is often unable to do so during cystometry because sufficient urine 
storage cannot occur before detrusor hyperreflexia is stimulated. 

Reflex neurogenic bladder describes the postspinal shock condition that exists 
after complete interruption of the sensory and motor pathways between the sacral 
spinal cord and the brainstem. Most commonly, this occurs in traumatic spinal cord 
injury and transverse myelitis, but may occur with extensive demyelinating disease 
or any process that produces significant spinal cord destruction as well. Typically, 
there is no bladder sensation and there is inability to initiate voluntary micturition. 

Incontinence without sensation generally occurs because of low volume involuntary 
bladder contraction. Striated sphincter dyssynergia is the rule. This type of lesion is 
essentially equivalent to a complete UMN lesion in the Bors-Comarr classification. 

An autonomous neurogenic bladder results from complete motor and sensory sep- 
aration of the bladder from the sacral spinal cord. This may be caused by any disease 
that destroys the sacral cord or causes extensive damage to the sacral roots or pelvic 
nerves. There is inability to voluntarily initiate micturition, no bladder reflex activity, 
and no specific bladder sensation. This type of bladder is equivalent to a complete 
LMN lesion in the Bors-Comarr classification and is also the type of dysfunction seen 
in patients with spinal shock. This characteristic cystometric pattern is initially similar 
to the late stages of the motor or sensory paralytic bladder, with a marked shift to the 
right of the cystometric filling curve and a large bladder capacity at low intravesical 
pressure. However, decreased compliance may develop, secondary either to chronic 
inflammatory change or to the effects of denervation/centralization with secondary 
neuro-morphologic and neuro-pharmacologic reorganizational changes. 

Emptying capacity may vary widely, depending on the ability of the patient to 
increase intravesical pressure and on the resistance offered during this increase by 
the smooth and striated sphincters. 

These classic categories in their usual settings are usually easily understood and 
remembered, and this is why this system provides an excellent framework for teach- 
ing some fundamentals of neurogenic voiding dysfunction to students and non- 
urologists. Unfortunately, many patients do not exactly “fit” into one or another 
category. Gradations of sensory, motor, and mixed lesions occur, and the patterns 
produced after different types of peripheral denervation/defunctionalization may 
vary widely from those which are classically described. The system is applicable 
only to neuropathic dysfunction. 


The Lapides classification 
Sensory neurogenic bladder 
Motor paralytic bladder 
Uninhibited neurogenic bladder 
Reflex neurogenic bladder 


Autonomous neurogenic bladder 
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10.3.5 Urodynamic Classification 


Urodynamic classification systems are based solely on objective urodynamic data 
[16]. When exact urodynamic classification is possible, this sort of system can pro- 
vide an accurate description of the voiding dysfunction that occurs. If abnormal or 
hyperreflexic detrusor exists with coordinated smooth and striated sphincter func- 
tion and without anatomic obstruction, normal bladder emptying should occur. 
Detrusor hyperreflexia is mostly associated with neurologic lesions above the sacral 
spinal cord. Striated sphincter dyssynergia is most commonly seen after complete 
suprasacral spinal cord injury, following the period of spinal shock. Smooth sphinc- 
ter dyssynergia is most classically in autonomic hyperreflexia when it is character- 
istically associated with detrusor hyperreflexia and striated sphincter dyssynergia. 
Detrusor areflexia may be secondary to bladder muscle decompensation or to vari- 
ous other conditions that produce inhibition at the level of the brainstem micturition 
center, the sacral spinal cord, the bladder ganglia, or the bladder smooth muscle. 
This classification system is easiest to use when detrusor hyperreflexia or normo- 
reflexia exists. Thus, a typical T-10 level paraplegic exhibits detrusor hyperreflexia, 
smooth sphincter synergy, and striated sphincter dyssynergia. When a voluntary or 
hyperreflexic contraction cannot be elicited, the application of such a system result is 
more difficult, since it is not appropriate to speak of true sphincter dyssynergia in the 
absence of an opposing bladder contraction. There are obviously many variations 
and extensions of such a system. Such systems work only when total urodynamic 
agreement exists among classifiers. Unfortunately, there are many voiding dysfunc- 
tions that do not fit completely into a urodynamic classification system that is agreed 
upon by all “experts.” As sophisticated urodynamic technology and understanding 
improve, this type of classification system may supplant some others in general use. 


Urodynamic classification 


Detrusor hyperreflexia (or normoreflexia) Detrusor areflexia 
Coordinated sphincters Coordinated sphincters 
Striated sphincter dyssynergia Non-relaxing striated sphincter 
Smooth sphincter dyssynergia Denervated striated sphincter 
Non-relaxing smooth sphincter Non-relaxing smooth sphincter 


10.3.6 International Continence Society Classification 


This classification represents an extension of a urodynamic classification system. The 
storage and voiding phases of micturition are described separately, and, within each, 
various designations are applied to describe bladder and urethral functions [17]. 
Normal bladder function during filling/storage implies no significant rises in 
detrusor pressure (stability). Overactive detrusor function indicates the presence of 
involuntary contractions. If owing to neurologic disease, the term detrusor hyper- 
reflexia is used; if not, the phenomenon is known as detrusor instability. Bladder 
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sensation can be categorized only in qualitative terms as indicated. Bladder capacity 
and compliance (A volume/A pressure) are cystometric measurements. Normal ure- 
thral function during filling/storage indicates a positive urethral closure pressure 
(urethral pressure minus bladder pressure) even with increases in intra-abdominal 
pressure. Incompetent urethral function during filling storage implies urine leakage 
in the absence of a detrusor contraction. 

This may be secondary to genuine stress incontinence, intrinsic sphincter dys- 
function, or an involuntary fall in urethral pressure in the absence of a detrusor 
contraction. 

During the voiding/emptying phase of micturition, normal detrusor activity 
implies voiding by a voluntarily initiated, sustained contraction that also can be sup- 
pressed voluntarily. An underactive detrusor defines a contraction of inadequate 
magnitude and/or duration to empty the bladder with a normal time span. An acon- 
tractile detrusor is the one that cannot be demonstrated to contract during urody- 
namic testing. Areflexia is defined as acontractility owing to an abnormality of 
neural control, implying the complete absence of centrally coordinated contraction. 
Normal urethral function during voiding indicates opening prior to micturition to 
allow bladder emptying. An obstructed urethra is one which contracts against a 
detrusor contraction or fails to open (nonrelaxation) with attempted micturition. 
Contraction may be owing to smooth or striated sphincter dyssynergia. Striated 
sphincter dyssynergia is a term that should be applied only when neurologic disease 
is present. A similar syndrome, though not associated to any neurologic disease, is 
called dysfunctional voiding. Mechanical obstruction is generally anatomical and 
caused by BPH, urethral or bladder neck stricture, scarring or compression, or, 
rarely, kinking of a portion of the urethra during straining. 

Voiding dysfunction in a classic T-10 level paraplegic after spinal shock has 
passed would be classified as follows: 


1. Storage phase: overactive hyperreflexic detrusor, absent sensation, low capacity, 
normal compliance, and normal urethral closure function 

2. Voiding phase: overactive obstructive urethral function and normal detrusor 
activity (actually, hyperreflexic) 


The voiding dysfunction of a stroke patient with urgency incontinence would 
most likely be classified during storage as overactive hyperreflexic detrusor, normal 
sensation, low capacity, normal compliance, and normal urethral closure function. 
During voiding, the dysfunction would be classified as normal detrusor activity and 
normal urethral function, assuming that no anatomic obstruction existed. 


10.3.7 Functional System 
Classification of voiding dysfunction can also be formulated on a simple functional 


basis, describing the dysfunction in terms of whether the deficit produced is primar- 
ily one of the filling/storage or emptying phases of micturition (Fig. 10.1) [1, 18]. 
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This type of system was proposed initially by Quesada et al. [19] and is an excellent 
alternative when a particular dysfunction does not readily lend itself to a generally 
agreed upon classification elsewhere. This simple-minded scheme only assumes that, 
whatever their differences that might be reported, all “experts” would agree on the 
two-phase concept of micturition and upon the simple overall mechanisms underly- 
ing the normality of each phase. Storage failure results because of either bladder or 
outlet abnormalities or a combination. Bladder abnormalities include involuntary 
bladder contractions, low compliance, and hypersensitivity. The outlet abnormalities 
include only an intermittent or continuous decrease in outlet resistance. 

Similarly, emptying failure can occur because of bladder or outlet abnormalities 
or a combination of the two. The bladder side includes inadequate bladder contractil- 
ity, and the outlet side includes anatomic obstruction and sphincter(s) dyssynergia. 

Failure in either category generally is not absolute, but more frequently relative. 
Such a functional system can easily be “expanded” and made more complicated by 
the inclusion of etiologic or specific urodynamic connotations. However, the simpli- 
fied system is perfectly workable and avoids argument in those complex situations 
in which the exact etiology or urodynamic mechanism for a voiding dysfunction 
cannot be agreed upon. 

Proper use of this system for a given voiding dysfunction obviously requires a 
reasonably accurate notion of what the urodynamic data show. However, an exact 
diagnosis is not required for treatment. It should be recognized that some patients do 
not only have a discrete storage or emptying failure, and the existence of combina- 
tion deficits must be recognized to properly utilize this system of classification. One 
of the advantages of this functional classification is that it allows the individual the 
liberty of “playing” with the system to suit his or her preferences without an altera- 
tion in the basic concept of “keep it simple but accurate and informative.’ For 
instance, one could easily substitute “overactive or oversensitive bladder” and “outlet 
insufficiency” for “because of the bladder” and “because of the outlet” under “failure 
to store.” One could choose to subcategorize the bladder reasons for overactivity in 
terms of neurogenic, myogenic, or anatomic etiologies and further subcategorize 
neurogenic in terms of increased afferent activity, decreased inhibitory control, 
increased sensitivity to efferent activity, and so forth. The system is flexible. 

An additional advantage to the functional system is that the underlying concepts 
can be used repeatedly to simplify many areas in neuro-urology. One logical exten- 
sion makes urodynamics become more readily understandable, whereas a different 
type of adaptation functions especially well as a “menu” for the categorization of all 
the types of treatment for voiding dysfunction. 

The major problem with the functional system is that not every voiding dysfunc- 
tion can be reduced or converted primarily to a failure of storage or emptying. 
Additionally, although the functional classification of therapy correlated with this 
scheme is entirely logical and complete, there is a danger of accepting an easy thera- 
peutic solution and of thereby overlooking an etiology for a voiding dysfunction 
that is reversible at the primary level of causation. Non-neurogenic voiding dys- 
functions, however, can be classified within this system, including those involving 
only the sensory aspect of micturition. 
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It is obvious that no type of classification system is perfect. Each one offers some- 
thing to every clinician, although his or her level and type of trainings, interests, expe- 
riences, and prejudices regarding the accuracy and interpretation of urodynamic data 
will determine a system’s usefulness. The ideal approach to a patient with voiding 
dysfunction continues to be a thorough neuro-urologic evaluation. If the clinician can 
classify a given patient’s voiding dysfunction in each system or can understand why 
this cannot be done, there is enough working knowledge to proceed with treatment. 
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Bart Morlion and Flaminia Coluzzi 


Chronic pelvic pain (CPP) can be defined as intermittent or constant pain, perceived 
in structures related to the lower abdomen or pelvis of either men or women and 
recurring over a 6-month period. CPP has a major impact on health-related quality 
of life, work productivity and health care utilization. 

Chronic pelvic pain syndrome (CPPS) is a subdivision of CPP, identified as a 
complex non-malignant pain syndrome, when no proven infection or other obvious 
local pathologies that may be accounted for the pain can be detected. CPPS is asso- 
ciated with negative cognitive, behavioural, sexual and emotional consequences as 
well as with symptoms of sexual, intestinal, perineal, gynaecological or lower uri- 
nary tract dysfunction. 

CPPS may be focused on a single pelvic organ or affect two or more pelvic appa- 
ratuses and even be associated with systemic diseases, such as fibromyalgia and 
depression. 

The challenge of CPPS raises from the diversity of potential etiological factors, 
the high number of possible anatomical source of pain as well as the potential 
assumption that chronic pain may be a disease itself rather than a symptom. The most 
common pathologies associated with CPP are presented in Table 11.1. The history 
and physical examination are often powerful diagnostic tools in CPPS. However, 
consultations with other specialists may be needed. A multidisciplinary approach is 
then often indicated in both the diagnostic and therapeutic phases. 
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11.1 Common Diseases Causing CPPS 
11.1.1 Painful Bladder Syndrome 


The main urological disease causing CPPS is the painful bladder syndrome (PBS), 
previously called interstitial cystitis (IC), diagnosed by the presence of the classic 
triad: urinary urgency and frequency, pelvic pain and mucosal haemorrhages with 
cystoscopic hydrodistension, in the absence of urinary infection or other patholo- 
gies, such as bladder tumours or radiation-induced cystitis. 

PBS is more common among women than men. Traditionally, voiding frequency 
is every 2 h or less, without incontinence. Pelvic pain is referred as pressure or dis- 
comfort to the bladder and usually occurs at the end of voiding or at full bladder. 
Urinalysis and urine culture may be useful for the exclusion of infections. 
Cystoscopic evaluation is not mandatory for diagnosis, since a number of false posi- 
tives may occur. However, mucosal haemorrhages, called glomerulations, reduced 
bladder capacity, linear cracking and Hunner ulcer are considered typical signs of 
disease. Cystoscopy may be particularly painful in these patients; therefore, analgo- 
sedation and general or spinal anaesthesia may be needed [1]. 


11.1.2 Chronic Prostatitis 


Chronic prostatitis (CP) is a highly prevalent condition affecting men, with severe 
effects in terms of quality of life. CP can be bacterial (acute or chronic), inflamma- 
tory (symptomatic or asymptomatic) or noninflammatory, characterized by chronic 
pelvic pain and voiding symptoms, with no evidence of bacterial infection nor 
inflammation. CPPS is localized to the prostate, perineum or urethra, but its aetiol- 
ogy is still poorly understood. CP/CPPS may be caused by antibiotic-resistant 
microorganisms, urethral obstruction, reflux of urine in the prostatic ducts, immune 
dysregulation, pudendal nerve entrapment, myofascial or pelvic floor muscles pain. 
Neuropathic pain may play an important role in CP/CPPS, and it should be consid- 
ered as a target of the analgesic treatment [1]. 


11.1.3 Endometriosis 


Endometriosis is the most common cause of CPPS in women and is caused by ecto- 
pic endometrial tissue located outside of the uterus. The prevalence in women of 
reproductive age worldwide is 10-15% and over 30% among women with 
CPPS. The symptoms typically recur in a cyclic fashion, and their exacerbation may 
also occur around menstruation. Ninety percent of women with endometriosis- 
related CPPS have dysmenorrhoea and 40 % have dyspareunia. Clinical diagnosis, 
mainly based on the history (CPPS, dysmenorrhoea, infertility and adnexal masses) 
of the patient, is accurate in about 80 % of the cases. Histologic confirmation can be 
assessed on a tissue biopsy sample obtained from an extrauterine location showing 


154 B. Morlion and F. Coluzzi 


endometrial glands. Hormonal treatment (oral contraceptive pills, progestins, 
androgens and gonadotropin-releasing hormone agonists), surgery and excision of 
endometrial implants are all appropriate options to manage pain associated with 
endometriosis [2]. 


11.1.4 Irritable Bowel Syndrome 


Irritable bowel syndrome (IBS) is a common gastrointestinal (GI) functional disor- 
der that affects the large intestine, characterized by signs and symptoms of constipa- 
tion, diarrhoea, bloating, abdominal cramping and pain. Its prevalence, as defined 
by the Rome II or III criteria, ranges from 4.3 to 13.5%. The three elements of 
pathophysiology of IBS are altered GI motility, visceral hyperalgesia and psycho- 
logical factors. Colonic dysmotility in IBS has been associated to generalized 
smooth muscle hyperresponsiveness, leading often to urinary symptoms. In some 
patients microscopic inflammation and alteration of the intestinal microbiota have 
been observed. Causes are still unclear, but include previous enteric infections, 
neuro-hormonal interaction, intestinal permeability and dietary intolerance [3]. 
Treatment options include non-pharmacological (exercise, sleep, probiotics, gluten- 
free diet) and pharmacological approaches (peripheral p-opioid receptor agonist 
loperamide, antispasmodic agents, antidepressants, serotonin 5-HT3 antagonists 
and the gut-specific antibiotic rifaximin) [4]. 


11.1.5 Adhesions 


Peritoneal adhesions are a common consequence of any intra-abdominal inflamma- 
tory process, such as pelvic inflammatory disease (PID) and diverticulitis. Up to 
90 % of patients after surgery develop intra-abdominal adhesions. Adhesiolysis for 
peritubular and periovarian adhesions, and enterolysis for bowel adhesions, may be 
an adequate surgical approach to CPPS due to adhesions [5]. 


11.2 Chronic Pelvic Pain Syndrome: Pathophysiology 
11.2.1 Central Sensitization 


Chronic pelvic pain reflects a state of excitability of central nociceptive circuits, 
called central sensitization. The result of central sensitization is visceral hypersen- 
sitivity, with enhanced perception of visceral stimuli and altered autonomic regula- 
tion of the gut. 

Central sensitization can be defined as an amplification of neural signalling 
within the central nervous system (CNS) that elicits pain hypersensitivity. Central 
sensitization has been hypothesized to contribute to a number of chronic pain syn- 
dromes, including the painful bladder syndrome, chronic prostatitis, endometriosis 


11 Treatment of Chronic Pelvic Pain: Multidisciplinary Approach 155 


and vulvodynia. When a central amplification occurs, the pain response to both 
non-noxious and noxious stimuli is enhanced in amplitude, duration and spatial 
extent, leading to hyperalgesia and allodynia. Hyperalgesia means an increased 
response to a painful stimulus. Allodynia refers to a painful response to a normally 
innocuous stimulus. Spontaneous positive sensations like paraesthesia and dysaes- 
thesia, paroxysmal pain and ongoing superficial pain may also occur. Hyperalgesia, 
allodynia and other positive symptoms are typical clinical manifestations of chronic 
“neuropathic pain’, arising as a direct consequence of a lesion or disease affecting 
the somatosensory system. Neuropathic pain is the expression of maladaptive plas- 
ticity within the nociceptive system [6]. 

“Nociceptive pain” is an adaptive response to noxious stimulus, where primary 
afferent nociceptive AS and C fibres terminate in the spinal dorsal horn at two types 
of neurons: spinal projection neurons, which innervate higher neuronal centres 
including the thalamus, and interneurons with various functions. 

Neuroplasticity in the dorsal horn represents the main pathological change 
occurring during central sensitization and causing chronic neuropathic pain. Several 
maladaptive phenomena explain the hyperexcitability state: (1) pronociceptive 
facilitation at the spinal dorsal horn, caused by the activation of N-methyl-D- 
aspartate (NMDA) receptor by glutamate, the major excitatory transmitter; (2) dis- 
inhibition of nociception at the spinal inhibitory network; and (3) central cortical 
reorganization of the primary somatosensory projection area [7]. 

Peripheral sensitization also occurs as a result of the release of inflammatory 
agents (e.g. adenosines, bradykinins, cytokines, amino acids, histamines, nerve 
growth factors and prostaglandins). 


11.2.2 Crosstalk 


The precise mechanism underlying pelvic pain remains still unclear. However, it is 
well known that pelvic organs and structures communicate through nerve connec- 
tions or reflexes. This phenomenon, named neural crosstalk, may play a role in the 
overlap of CPP disorders [8]. Up to 40% of patients diagnosed with IC also have 
symptoms for IBS and over 25 % have also vulvodynia. Cross-sensitization in the 
pelvis is considered as one of the factors contributing to CPPS: the transmission of 
noxious stimuli from a diseased pelvic organ to an adjacent normal structure results 
in the occurrence of functional and rarely structural changes in the latter. 
Experimental evidence shows that colorectal distension inhibits urination (colon-to- 
bladder cross inhibition) and, during urination, colonic motor activity is inhibited 
(bladder-to-colon cross inhibition) [9]. Similarly, PBS/CPPS, with documented 
inflammation and increased vascular permeability of the bladder, may be alleviated 
by 2% lidocaine instillation into either the bladder or the colon, even though colon 
histology was normal. These data explain why dietary modification may impact 
pelvic pain symptoms. Viscerovisceral interactions and reflexes between gastroin- 
testinal, urinary and reproductive systems are thought to underlie pelvic organ 
cross-sensitization, by three different interconnected neural pathways: (1) 
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convergence of sensory neural pathways within a dorsal root ganglion (DRG), from 
a diseased pelvic organ to a normal adjacent structure; (2) convergence of afferent 
information in the spinal cord; and (3) convergence of afferent inputs from two dif- 
ferent pelvic organs in the brain. 


11.2.3 Neurogenic Inflammation 


Neurogenic inflammation plays a role in a variety of disorders, including 
CPPS. Neurogenic inflammation is caused by the release of substance P and calci- 
tonin gene-related peptide (CGRP) from sensory nerves, which stimulates vasodila- 
tion, microvascular plasma extravasation and mast cell degranulation. There is an 
interaction between the neurogenic inflammation in the brain, leading to increased 
permeability of the blood-brain barrier (BBB), and classical inflammation: many of 
the factors within each process may initiate or potentiate the other cascade. 


11.3 Pharmacological Management of CPPS 


The targets of treatment for chronic pelvic pain, in order of priority, are (1) to man- 
age underlying disease, (2) to reduce pain intensity, (3) to minimize side effects and 
(4) to optimize patient function and quality of life [10]. 

Specific pathological components of the pelvic pain and comorbidities may 
require referral to a specialist. A multidisciplinary team approach is essential. 
Women suffering from endometriosis require gynaecological evaluation and hor- 
monal treatment (hormonal contraceptives, progestagens, anti-progestagens or 
GnRH agonists). Patients with IBS may obtain benefits from dietary modifications, 
probiotics and a gastroenterological consultation. Urologists should be involved in 
the management of patients suffering from prostate pain syndrome, in which alpha- 
blockers (terazosin, alfuzosin, doxazosin, tamsulosin and silodosin), antibiotic ther- 
apy and 5-alpha-reductase inhibitors (finasteride) can be prescribed. Similarly, they 
have a key role in the management of patients with PBS. 

General treatment of CPPS requires an early multimodal treatment with symp- 
tomatic analgesics to reduce the severity of pain. The neuropathic component of 
pain should be detected by using appropriate tools, such as the questionnaire DN4. 
In managing chronic pain, mechanism-oriented treatment is supposed to be more 
effective than intensity-based analgesic selection. Adjuvants, such as antidepres- 
sants and anticonvulsants, play a major role in the management of neuropathic pain 
syndromes. Opioids represent a valid alternative for moderate-to-severe chronic 
pain, when long-term use of analgesic is required. 

The most recent guidelines on chronic pelvic pain are available from the 
Royal College of Obstetricians and Gynaecologists (NICE accredited 2012) [11], 
the British Pain Society (2014) [12] and the European Association of Urology 
(2012) [13]. 
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11.3.1 Nonsteroidal Anti-inflammatory Drugs (NSAIDs) 
and Paracetamol 


Anti-inflammatory analgesics, such as NSAIDs, inhibit the enzyme cyclooxygenase 
(COX) and also have a peripheral effect. They are indicated in CPPS, when the 
inflammatory component is prevalent, such as in dysmenorrhoea. Conversely, their 
efficacy is weak in chronic pain syndromes, where the central sensitization is rele- 
vant, such as in endometriosis. Moreover, their use is limited by poor tolerability 
profile in the gastrointestinal and cardiovascular systems. 

Paracetamol is a central analgesic with antipyretic activity. Its use is recom- 
mended at the maximal daily dose of 4 g. Paracetamol can be used in fixed associa- 
tion with opioids, such as codeine, tramadol and oxycodone. Despite its use dates 
back over 100 years, the exact mechanism of analgesic action of paracetamol is still 
poorly understood. Recent studies suggest a role for the serotoninergic inhibitory 
descending system and for the endocannabinoid system. 


11.3.2 Antidepressant Drugs 


The analgesic properties of antidepressant drugs have been reported since the 1960s 
and have been shown to be independent from their antidepressant activity. 
Antidepressants are widely used for the treatment of chronic pain, specifically in 
neuropathic pain syndromes. Tricyclic antidepressants (TCAs), such as amitripty- 
line (up to 150 mg daily), still represent the gold standard of treatment, because they 
have the lowest number needed to treat (NNT, number of patients to be treated to 
obtain at least one patient with 50% pain relief) compared with other adjuvants. 
However, their poor tolerability profile significantly limited their clinical use in 
fewer specific conditions. Many side effects may be related to the antimuscarinic 
properties of the TCAs. The most common side effects of tricyclic antidepressants 
include dry mouth, blurred vision, constipation, urinary retention, drowsiness, 
increased appetite leading to weight gain, hypotension and increased sweating. 
Special caution is needed for patients with heart rate abnormalities; a 12-lead elec- 
trocardiogram (ECG) is required before starting treatment. Sinus tachycardia, pro- 
longed QTc duration, prolonged PR interval, AV block and non-specific ST changes 
can occur in TCA overdose. 

Selective serotonin reuptake inhibitors (SSRIs), such as sertraline, have been 
shown to be less effective as analgesics; therefore their use is not recommended in 
chronic pain management. However they can be used as antidepressants to manage 
depression, as a comorbidity of chronic pain. Depressive symptoms are particularly 
common in women suffering from CPPS. 

A new class of antidepressants, named serotonin and noradrenaline reuptake 
inhibitors (SNRIs), are more selective than TCAs and have a balanced reuptake 
inhibition of both neurotransmitters. Compared with the traditional TCAs, they do 
not have the adverse events due to the activity of TCAs on histamine, acetylcholine 
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and dopamine. This new class includes venlafaxine (37.5—75 mg daily) and dulox- 
etine (30-60 mg daily). 

The main problem in evaluating the efficacy of antidepressants in chronic uro- 
logical pelvic pain is the heterogeneity of the clinical studies, due to different con- 
founding factors: (1) most of the studies are uncontrolled prospective case series, 
(2) methodological bias and low-quality clinical trials and (3) inconsistency of the 
classification of chronic pelvic pain syndrome [14]. 

However, despite these limitations, antidepressants may have a role in managing 
urological CPP. 


11.3.3 Gabapentinoids 


Among anticonvulsant drugs, gabapentinoids (gabapentin and pregabalin) are the 
most commonly used for chronic pain management. Their analgesic activity is 
mediated by the ability to selectively bind to the alpha-2-delta subunit of voltage- 
gated calcium channel. Therefore, gabapentinoids reduce the influx of calcium into 
the cell, thereby reducing the synaptic release of neurotransmitters, such as gluta- 
mate, norepinephrine and substance P. Pregabalin has the same biologic activity of 
gabapentin, but improved pharmacokinetic profile (i.e. higher potency, increased 
oral bioavailability, linear pharmacokinetics). Dosage adjustments are required for 
patients suffering from renal dysfunction. 

Both gabapentinoids and antidepressants are recommended in monotherapy as 
first-line treatment of neuropathic pain. When the monotherapy does not obtain 
adequate analgesia, it is recommended to switch or to add to the alternative class 
(i.e. if a patient is not adequately managed with antidepressants in monotherapy, it 
is possible to switch to a gabapentinoid or to add it in a poly-pharmacological 
approach). The most common adverse events of gabapentinoids are dizziness and 
sedation. In order to minimize side effects, the daily dose should be slowly increased 
up to a maximum dose of 3,600 mg gabapentin and 600 mg pregabalin. 

Although anticonvulsants are used widely in chronic pain, surprisingly few trials 
showed analgesic effectiveness in CPPS. Hence, recommendations were made 
according to non-specific data, extrapolated from references on neuropathic pain 
regardless of the CPP mechanisms. 


11.3.4 Opioids 


Opioids are the mainstay of analgesic treatment for severe chronic pain. They are 
usually classified as weak (codeine, tramadol, transdermal buprenorphine) and 
strong (morphine, oxycodone, hydrocodone, hydromorphone, transdermal fen- 
tanyl). Extended-release formulations are preferred in chronic pain management, 
while rapid-onset opioids (fentanyl formulations with fast onset of action and short 
half-life) are recommended for breakthrough pain in the cancer setting. 


11 Treatment of Chronic Pelvic Pain: Multidisciplinary Approach 159 


The effectiveness of opioids in neuropathic pain is still under discussion, 
because the available clinical trials have a number of limitations: few patients, 
short-term observations (up to 12 weeks) and limited randomized controlled trials. 
Moreover, preclinical studies showed that mu-opioid receptors are downregulated 
in neuropathic pain animal models (sciatic nerve ligation), while noradrenergic 
sprouting has been observed in the dorsal horn of these animals. Noradrenergic 
tone seems to play a key role in regulating neuropathic pain progression. Hence, 
among opioids, tapentadol (the first drug of a new pharmacological class named 
mu-opioid receptor agonist/noradrenaline reuptake inhibitors (MOR/NRI)) is rec- 
ommended as first choice in patients suffering from chronic pain with a neuro- 
pathic component. Its lower affinity for MOR (50 times lower than morphine) 
makes tapentadol significantly more tolerable than traditional opioids, such as oxy- 
codone. Nausea and vomiting are common effects in the first phases of opioid 
treatment, but usually disappear within 7—10 days, due to the development of toler- 
ance. Instead, the most common and persistent side effect during chronic treatment 
is opioid-induced constipation (OIC), due to the activity of MOR dislocated in the 
myenteric and submucosal plexus of the gastrointestinal (GI) tract. Tapentadol sig- 
nificantly reduced OIC compared with oxycodone. Similarly, the association oxy- 
codone/naloxone, at the ratio 2:1, significantly improved bowel dysfunction in 
patients with chronic pain. When administrated by the oral route, the bioavailabil- 
ity of the MOR antagonist naloxone is about 2 %, due to a wide first-pass hepatic 
metabolism; therefore its activity is limited to the GI tract, without affecting the 
systemic analgesia of oxycodone. 

These new opioid formulations were specifically studied to improve the side 
effect profile of opioids, in order to improve patient adherence to chronic pain 
treatment. 

When starting opioids for chronic non-cancer pain management, some essential 
roles should be followed: (1) correct diagnosis, (2) establish treatment goals, (3) 
titrate the opioid to the minimal effective dose, (4) prefer oral administration, (5) 
use extended-release formulations to obtain a stable plasma concentration, (6) pre- 
vent or manage side effects, (7) re-evaluate the patient after a trial of treatment and 
(8) consider the potential for physical dependency and addiction. 


11.3.5 N-Palmitoyl-Ethanolamine (PEA) 


N-palmitoyl-ethanolamine (PEA) is an endogenous fatty acid amide, well known as 
an important analgesic, anti-inflammatory and neuroprotective mediator, acting at 
several molecular targets in both central and sensory nervous systems. PEA acts by 
downregulating mast cell degranulation and by enhancing the anti-inflammatory 
and antinociceptive effects exerted by the endocannabinoid, anandamide. When 
stimulated, mast cells release a number of mediators that initiate an inflammatory 
response and can also regulate the activity of other immune cells, including central 
microglia. 
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Glial cell activation and neuroinflammation are known to be one of the underly- 
ing causes of chronic pain syndromes, including CPPS (interstitial cystitis, endome- 
triosis and vulvodynia). 

Among nutraceuticals, the association of micronized PEA-transpolydatin has 
been shown to be effective on chronic pelvic pain associated with endometriosis, by 
reducing mast cell activation in endometriotic lesions [15]. 


11.3.6 Botulinum A Toxin (BTX-A) 


Botulinum A toxin (BTX-A) is an inhibitor of acetylcholine release at the neuro- 
muscular junction and has a paralyzing effect on striated muscles. BTX-A may have 
an antinociceptive effect on bladder afferent pathways; however limited data exist 
on the effectiveness of BTX-A injection into the detrusor or trigone. BTX-A can be 
used for the treatment of chronic pelvic pain associated with spasm of the levator 
ani muscles and to reduce the resting pressure in the pelvic floor muscles. 


11.4 Interventional Techniques for CPPS 


Afferent information from pelvic viscera travels to DRGs and further to the spinal 
dorsal horn mainly via hypogastric, splanchnic, pelvic and pudendal nerves. These 
nerves convey sensory information from major pelvic organs: the colon, rectum, 
urinary bladder and uterus. Nerve blocks can be used to manage CPPS; however 
they rarely provide long-term analgesia and require sequential injections with local 
anaesthetics. The duration of their analgesic effect and potential complications 
(including X-ray exposure) should be considered. Superior hypogastric plexus 
(SHP) blocks are useful for relieving CPP associated with PBS, IBS, endometriosis, 
adhesions and chronic pain related to the bladder, prostate, testes, uterus, ovaries, 
vagina, colon and rectum. SHP blocks can be used for either diagnostic or therapeu- 
tic purposes. Ganglion impar block is indicated for perineal pain from the rectum, 
anus, distal urethra, vulva and distal third of the vagina. 

Neurolytic blocks, such as SHP block, are used in the management of pelvic pain 
related to cancers. Non-surgical neurolysis can be performed with chemicals (alco- 
hol or phenol), cryoablation or thermocoagulation. 

Neuromodulation of the sacral nerves has been used for treating visceral pelvic 
pain, such as PBS. Appropriate diagnosis is a key factor for success. An electrode is 
placed through the transforaminal approach into the S3 or S4 foramen in the area of 
the nerve roots. Stimulation has to be perceived in the site of perceived pain. After 
a trial of spinal cord stimulation (SCS), conducted to confirm the effectiveness in 
CPP, if the patient obtains adequate analgesia, a permanent stimulator implantation 
is performed. 

Transcutaneous electrical nerve stimulation (TENS) is widely used; however 
evidence is still poor. 
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11.5  Non-pharmacological Management of CPPS 


Psychological distress is common in pelvic pain, particularly in women. Sexual 
abuse should be assessed as possible contributory factors in CPPS. Psychological 
intervention may significantly improve pain relief as well as mood and quality 
of life. 

The physiotherapist is part of the pain management team. Physical therapies are 
used for the overactivity of the pelvic floor muscle. Patients should learn how to 
relax the muscles when the pain starts. Similarly, biofeedback and electrostimula- 
tion can be useful in the treatment of pelvic floor muscle pain. 


11.6 Multimodal and Multidisciplinary Approach to CPPS 


The latest paradigm shift in the thinking about CPPS parallels the evolution in con- 
cepts of chronic pain in general. 

The biopsychosocial model of chronic pain recognizes chronic pain as a combi- 
nation of physical dysfunction, beliefs, coping strategies, distress, illness behaviour 
and social interactions. Since the introduction of the biopsychosocial model, treat- 
ment of chronic pain has become multimodal and multidisciplinary, with the aim of 
maximizing pain reduction, quality of life, independence and mobility. 

Similarly, the CPPS is now considered as a biopsychosocial illness involving 
physical, behavioural, occupational and socioeconomic factors. More importantly, 
even if an initial injury in an anatomical structure can be identified, the pain experi- 
ence and disability of an individual will be determined by an array of psychosocial 
factors, including previous pain experiences, beliefs and fears about CLBP, general 
and psychosocial health, job satisfaction, economic status, education, ongoing liti- 
gation, compensation claims and social well-being. This knowledge is often ignored, 
and many diagnostic procedures and therapies that are focused solely on peripheral 
anatomical structures in the pelvis continue to be offered with a high risk for iatro- 
genic worsening of the complaints. 
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Giovanni Palleschi and Yazan Al Salhi 


In patients with neurogenic vesico-sphincteric disease, bladder outlet obstruction 
(BOO) may further increase the risk of complications to the lower and upper urinary 
tract, such as high post-voiding residual urine, urinary infections, bladder stones 
formation, vesicoureteral reflux, and ureterohydronephrosis. These complications, 
if not treated, can inexorably lead to a severe damage of renal function, thus forcing 
patients to dialysis. The main cause of BOO in patients with neurogenic bladder 
(NB) has a functional origin represented by detrusor sphincter dyssynergia (DSD); 
however, it has to be considered that also an organic obstruction can develop in 
these subjects, especially in men. Furthermore, in some patients, both conditions 
may coexist. Therefore, only a correct diagnostic approach, based on a thorough 
knowledge and understanding of the pathophysiologic mechanisms involved in 
these conditions, may contribute to establish the adequate treatment and prevent 
potential iatrogenic complications. According to the International Consultation on 
Incontinence [1] and the European Association of Urology Guidelines [2], first-line 
therapeutic options of BOO in NB are represented by conservative approaches. 
Lifestyle interventions, alpha-l-adrenergic blockers, intermittent catheterization, 
and external specific devices (i.e., pessary in case of pelvic organ prolapse) have to 
be preferred until patient’s QoL and therapeutic goals are maintained. When these 
treatments fail and cannot avoid the risk of the abovementioned severe complica- 
tions to the urinary tract or when they do not achieve patient’s satisfaction, surgery 
may become necessary. 
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12.1 Surgical Management of Detrusor Sphincter 
Dyssynergia (DSD) 


The most common cause of functional BOO in patients with NB is represented by 
DSD. In this condition, a detrusor contraction occurs simultaneously with an inap- 
propriate contraction of the urethral striated muscle, the periurethral striated mus- 
cle, or both, thus blocking the bladder outlet [3]. Normal micturition requires a 
synergic action between the detrusor muscle (smooth muscle) and the external ure- 
thral sphincter (striated muscle). To allow the bladder voiding phase, the external 
urethral sphincter relaxes, followed by a detrusor contraction; this synergic action is 
controlled by the pontine micturition center [4]. Disruption of the pathways between 
the pontine micturition center and the caudal part of the spinal cord often results in 
DSD. As a consequence, bladder emptying is poor, and it is exerted under high pres- 
sures with a risk of various consequences: high post-voiding residue, recurrent uri- 
nary infections, vesicoureteral reflux, and hydronephrosis. DSD usually develops in 
patients suffering from spinal cord lesions, above the sacral region. Presence and 
severity of DSD can be detected by urodynamic or videourodynamic investigation 
combined with striated sphincter needle electromyography. These diagnostic tests 
should also be periodically repeated during the follow-up of patients to check the 
effects of treatment and to verify that the clinic-functional conditions are stable. 
Different surgical therapies have been proposed and used for the treatment of 
DSD. For this reason, in 2014, Utomo et al. produced a Cochrane review with the 
aim to assess the effectiveness of different surgical approaches used to cure func- 
tional BOO in adults with NB [5]. Analyzing data from literature, the authors of the 
Cochrane review evaluated all the therapeutic options to treat DSD and provided the 
following reports: 


1. Sphincterotomy: external sphincterotomy represents the transurethral treatment 
of the sphincter hypertonicity. It may be performed by an electrocautery or by 
laser energy. The goal of this treatment is to reduce the intravesical voiding pres- 
sure and to lower the detrusor leak point pressure. In some patients, a degree of 
continence can be saved if bladder neck function is preserved. The main reported 
complications are represented by postoperative bleeding, erectile dysfunction, 
urine extravasation, urethral stricture, and urinary fistula. However, it is reported 
that this treatment can provide an extended period of satisfactory bladder empty- 
ing [6]. 

2. Urethral stents: the urethral stents are mechanical devices (temporary or perma- 
nent) that can be placed in the urethra aiming to keep open the external urethral 
sphincter and thereby lower the detrusor leak point pressure. The first applica- 
tion of an urethral stent to treat DSD was by Shaw in 1990 [7], and then follow- 
ers reported successful experiences with long-term clinical benefit and safety 
associated with improvement in maximum detrusor pressure and post-void resid- 
ual urine volume, unchanged bladder capacity, and reduced hydronephrosis [8]. 

3. Urethral balloon dilatation: the first experience using balloon dilatation of the 
external urethral sphincter was reported by Chancellor in 1992 [9]. This device 
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(a balloon made by synthetic material) is placed under fluoroscopic guidance in 
the urethra at the site of the striated sphincter, and it is inflated to a diameter of 
90 French under a pressure of 3 or 4 atmosphere for 10 min. Data reported by 
Chancellor showed effectiveness of this approach if compared with sphincterot- 
omy [10]; McFarlane, after a personal experience, did not recommend this treat- 
ment due to a lack of real efficacy [11]. 

4. Intraurethral botulinum A toxin (BTX A) injection: BTX A is a neurotoxic pro- 
tein produced by the bacterium Clostridium botulinum. This neurotoxin is 
responsible for an inhibition of the acetylcholine release at the neuromuscular 
junction inducing a muscle relaxation. BTX A is widely used in medicine to treat 
various pathological conditions, including NB dysfunction as detrusor overactiv- 
ity. The first use of BTX A to treat DSD was reported by Dykstra in 1988 [12]; 
no many studies of high scientific value followed this experience. Schurch in 
1996 reported favorable outcomes up to 3 months for the first BTX A treatment 
and a cumulative efficacy lasting 9-13 months [13]. 

5. Intrathecal baclofen: baclofen is a drug effective on skeletal muscle spasticity; it 
activates the gamma-aminobutyric acid-B receptors normalizing and decreasing 
interneuron and motor neuron activity in the spinal cord. Patients can receive a 
continuous intradural administration of baclofen by an implanted pump. This 
approach obviously reduces the risk of systemic side effects. Steers in 1992 
reported interesting results showing 40 % decrease of DSD in patients receiving 
baclofen for severe spasticity secondary to spinal cord injury [14]. Myazzato et al. 
provided the experimental evidence of the effect of baclofen on DSD showing a 
decrease of intravesical pressures in NB rats after spinal cord transection [15]. 

6. Pudendal nerve block: blocking the pudendal nerve (which contains motor axons 
to the external urethral sphincter), the activity of the external urethral sphincter 
is reduced. There are some experiences in literature regarding the use of phenol 
solution (administrated by transcutaneous approach) to determine a neurolysis of 
pudendal nerve and treat DSD. Despite some favorable outcomes reported by 
various authors [15—17], some others reported that the duration of the effect is 
unpredictable. 

7. Suprapubic catheterization: the insertion of an indwelling suprapubic catheter 
represents the most simple form of urinary diversion and some patients may need 
it. However, it has to be remarked that the use of an indwelling catheter is always 
associated with an increased risk of urinary infections, stones, erosions, bladder 
carcinoma (especially squamous subtype), even if the damage to the urethra is 
lower with a suprapubic device. 


Basing on the Cochrane’s authors report, there is no robust evidence in favor of 
any surgical treatment option for DSD treatment because of the limited availability 
of high-quality trials. Furthermore, the studies reported in literature are character- 
ized by high variability of therapeutical approaches, small size of the cohorts 
involved, and too short duration of protocols. However, as an implication for clini- 
cal practice, this review showed an evidence of limited quality that BTX A injec- 
tions improve the voided urine volume, lower the detrusor pressure, and decrease 
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post-void residual volume. As a further consideration, a very important lack of all 
these studies is the absence of a standardized quality of life (QoL) assessment as a 
clinical outcome, and this bias is quite worrying, considering that medical success 
does not necessarily correspond with the emotional judgment reported by the 
patient. 


12.2 Surgical Treatment in NB Patients with BOO Secondary 
to Benign Prostatic Hyperplasia (BPH) 


There is still controversy regarding the use of surgical approaches to manage BOO 
secondary to BPH in patients with NB due to the potential increased risk of postop- 
erative complications, mainly urinary incontinence. The lack of a common clinical 
and scientific point of view on this topic is mainly related to the scarce number of 
publications available in literature. Generally, patients who do not suffer from a 
peripheral denervation involving the pudendal nerve should not have negative con- 
sequences (especially stress urinary incontinence) from a prostatic surgery and 
might benefit from BOO removal. BPH is a progressive disease, and when medical 
treatment is unsuccessful, it can be responsible of recurrent infections, hematuria, 
and stone formation, especially in patients with neurogenic voiding dysfunction, but 
even more in those who practice self-intermittent catheterization. In all these situa- 
tions, surgery could become mandatory. Today there are mini-invasive treatments 
which allow to reduce the risk of intra- and postoperative complications in NB 
patients with BOO, such as the use of urethral stents or similar devices which aim 
to dilate the prostatic urethra. However, there are still no data in literature which 
show the outcomes of these approaches in large cohorts and with an acceptable 
follow-up; therefore, a conclusive statement is not possible in this textbook. 
Literature provides few data from studies with limited case series regarding BPH 
surgical treatment in NB patients. Koyanagi et al. in 1987 reported their experience 
with radical transurethral resection of the prostate (TURP) performed on 89 male 
spinal cord injury subjects suffering from DSD and BOO [18]. Basing on postop- 
erative urodynamic and striated sphincter electromyography, they described 90 % of 
success characterized by a reduced DSD, an increase of vesical compliance and a 
reduction in detrusor hyperreflexia. The authors reported also a 14 % recurrence rate 
of DSD with time. These results suggest an effect on the distal sphincteric area by 
the adrenergic system in the genesis of DSD. In fact, it is suggested that TURP 
exerts this effect via a surgical sympathectomy, while continence is preserved by the 
activity of the untouched external urethral sphincter. More data are available from 
literature regarding the treatment of BOO secondary to BPH in patients with 
Parkinson’s disease (PD) [19]. PD is a common movement disorder (tremor at rest, 
rigidity, and gait difficulty) associated with the degeneration of dopaminergic neu- 
rons in the substantia nigra [20]. The fact that PD is the second most common 
degenerative neurological condition after Alzheimer’s disease represents the main 
reason that explains the interest of neurologists and urologists in standardizing the 
approach of urinary disorders in these subjects, including BPH treatment [21]. 
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Moreover, both PD and BPH are common in late middle-aged men; thus, their con- 
currence is probable. Lower urinary tract symptoms secondary to BPH such as 
weak urinary flow, urinary frequency, urinary urgency, and nocturia are common 
also in PD individuals, and considering that PD onset is insidious, clinicians could 
misdiagnose the two conditions. History and physical examination (general, uro- 
logical, neurological) may induce the suspicious of neurogenicity of some symp- 
toms (as intense urinary urgency, urgency urinary incontinence, stress urinary 
incontinence, or sexual dysfunctions). In these cases, the contribute of neurophysi- 
ological tests and of urodynamic or videourodynamic assessment with striated ure- 
thral sphincter electromyography can lead to a correct diagnostic evaluation 
allowing to avoid surgery in patients with risk of severe complications. These con- 
siderations are of utmost importance also because some neurogenic disorders may 
express lower urinary tract symptoms some years before the onset of the neurologic 
signs and could not be recognized if a rigorous diagnostic algorithm is not adopted. 
Patients with multisystemic atrophy (MSA), even sharing many PD like symptoms, 
can show urinary alterations since several years before the neurogenic onset [22]. 
Furthermore, MSA is a more severe, rapidly progressive, multisystemic, and fatal 
disease, and therefore, surgical treatment of BOO in these subjects results contrain- 
dicated for the certain development of severe complications. The clinical, urody- 
namic, and neurophysiological findings that allow to distinguish PD and MSA 
patients have been reported in literature and represent a concrete contribute for 
urologists and neurologists in the evaluation of these patients [23]. Under a clinical 
point of view, early symptoms onset, troublesome incontinence, and even earlier 
erectile dysfunction in men are regarded as warning signs of MSA [24]. From a 
neurophysiological point of view, the most important predictor of MSA is the neu- 
rogenic change of sphincter electromyography, which is rarely seen in patients with 
PD [25]. Another predictor of MSA is an open bladder neck at the start of bladder 
filling without accompanying DO, found in about 50% of patients with MSA but 
not in PD patients. This finding indicates internal sphincter denervation [26]. 

Basing on the evidence of urodynamic and neurophysiologic findings reported in 
literature, it can be concluded that men with a definitive diagnosis of PD and coin- 
cidental BPH could be considered for appropriate surgery. Nowadays PD is no lon- 
ger to be considered a contraindication for prostate surgery, and preoperative 
investigations, including urodynamic assessment, should be used to confirm the 
diagnosis of PD and BPH but especially to distinguish PD individuals from those 
with MSA [26]. A retrospective study of 23 men with PD who underwent TURP 
due to BOO secondary to BPH and followed for 3 years after surgery showed the 
restoration of voiding in nine patients (64%), while only five patients (36%) 
required catheterization [27]. This study concluded that TURP for BPH in patients 
with PD may be successful in up to 70 % of patients, and the risk of de novo urinary 
incontinence is minimal. 

Even if there is a lack of long-term and randomized studies performed on large 
cohorts, data available regarding patients with NB and organic BOO due to BPH 
suggest that conservative treatment and the use of alpha-blockers in mild/moderate 
obstruction offers limited but positive voiding improvement with poor results in 
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patients with more severe neurological impairments [28, 29]. When surgery 
becomes advisable due to medical treatment failure, an adequate history, symptoms 
assessment, and physical examination potentially supported by sphincter electro- 
myography (EMG) and urodynamic or videourodynamic studies can help to iden- 
tify those individuals with high risk of postoperative urinary incontinence [30]. 


12.3 Surgical Treatment BOO in NB Women 


There are no specific studies performed on large cohorts and with long-term follow- 
up regarding the management of BOO secondary to pelvic organ prolapse (POP) in 
women suffering from NB. Ruffion et al. in 2007 emphasized the particular risks of 
the surgical approaches in these patients in view of the limited literature on the sub- 
ject [31]. Therefore, indications for POP surgery remain those for general popula- 
tion, but a very careful preoperative evaluation is mandatory. In fact POP symptoms 
can be often mystifying, and it may be difficult to correlate specific symptoms with 
the site or severity of POP [32]. This statement should be taken into strong consid- 
eration especially in NB women considering that more than two thirds of parous 
women have objective evidence of POP at clinical examination and that the majority 
of these defects are asymptomatic and fewer than 15 % of them will require surgical 
intervention [33]. However, when complications become recurrent, QoL and sexual 
function are hardly compromised, and when conservative treatments (including 
devices as pessaries) fail, surgery should be indicated. Otherwise from uncompli- 
cated SUI or prolapsed where routine preoperative urodynamic evaluation is still 
controversial, urodynamic or videourodynamic with striated sphincter electromy- 
ography are strongly recommended in patients with NB and POP. This with the aim 
to comprehensively evaluate and categorize the associated bladder dysfunction 
(detrusor overactivity, possible occult stress urinary incontinence, underactive blad- 
der) allowing the clinician to predict the final outcome of the surgical treatment and 
inform patients about potential postoperative consequences and relative therapeutic 
options available. 


12.4 Final Considerations 


Surgery management of BOO in NB either in males and in females may represent a 
challenge and a specialized management is required. Surgery becomes mandatory 
in case of severe and recurrent complications or when QoL is so compromised to 
require a surgical intervention. Patients have to be accurately evaluated by urologi- 
cal and neurophysiological examinations with the aim to assess the risk of postop- 
erative consequences and properly inform patients. In fact, depending on type of 
NB dysfunction, after BOO surgery, some symptoms may improve but some others 
may worsen. Therefore, patients should preoperatively know which could be the 
possible postoperative residual symptoms and which possible subsequent therapeu- 
tic options will be available. Patients with detrusor overactivity might develop or 
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worsen urge urinary incontinence, while those suffering from underactive bladder 
should need self-bladder catheterization despite surgical treatment. As a final con- 
sideration, beyond the medical goals, treatment choice has to be definitely shared 
with our patients in order to customize, whenever possible, the therapeutic algo- 
rithm basing not only on clinical indications but also on patients personality, life- 
styles, and expectations. Furthermore, after surgery has been performed, a rigorous 
follow-up is recommended to check that the therapeutic effects are maintained dur- 
ing the time and to prevent the onset of long-term complications or BOO 
recurrence. 
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Vincenzo Li Marzi, Jacopo Frizzi, Matteo Bonifazi, 
and Giulio Del Popolo 


13.1 Introduction 


Over the last 50 years, botulinum toxin (BoNT) has been transformed from a cause 
of life-threatening disease to an effective therapy, mainly for muscle spasticity, 
blepharospasm, and bladder overactivity. It has been used for different indications in 
a variety of medical specialties as treatment, improving patient’s quality of life [1]. 
There are eight types of BONT, named from A to H, and BoNT/A type represents the 
most used for human therapy. A recent growing body of evidence suggests that 
intradetrusor injection of BoNT/A may have beneficial effects in patients with 
refractory detrusor overactivity (DO) for conservative and/or medical treatments, 
and it is a new minimally invasive alternative to bladder augmentation in patients 
with severe overactive bladder (OAB) symptoms and/or untreatable neurogenic 
bladder. 

Urinary urgency (UU), urge incontinence (UD), urinary frequency (UF), and noc- 
turia are symptoms that characterize the OAB syndrome. In patients with only UU 
and UF, OAB is defined as “dry”; meanwhile it is defined “wet” if it is associated 
with UI. 

The physiological basis of these symptoms is DO, defined as an involuntary 
detrusor contraction during the filling phase of urodynamic studies. DO may be 
spontaneous or provoked and may also be qualified according to cause in neuro- 
genic or idiopathic [2]. 


V. Li Marzi (È<) Ħ J. Frizzi « M. Bonifazi 
Department of Urology, Careggi University Hospital, Florence, Italy 
e-mail: vlimarzi @hotmail.com 


G. Del Popolo 
Neurourology Unit, Careggi University Hospital, Florence, Italy 


© Springer International Publishing Switzerland 2016 171 
A. Carbone et al. (eds.), Functional Urologic Surgery in Neurogenic 

and Oncologic Diseases, Urodynamics, Neurourology and Pelvic 

Floor Dysfunctions, DOI 10.1007/978-3-319-29191-8_13 


172 V. Li Marzi et al. 


Urodynamic diagnosis of neurogenic detrusor overactivity (NDO) is always 
associated with a documented neurologic diseases. On the other hand, DO that is 
not clearly associated with neurologic cause or with a clearly obvious other cause 
(e.g., bladder stone, bladder cancer, UTI) has an urodynamic diagnosis of idiopathic 
detrusor overactivity (IDO) [2]. 

The use of intradetrusor BoNT for the treatment of DO has revolutionized the 
care of patients with OAB [3]. 


13.2 What is NDO? 


The normal function of the lower urinary tract in storage and voiding of urine is 
coordinated by neural control within the brain and spinal cord. Consequently, 
any interruption to this system affecting bladder or outflow function may lead to 
symptoms of neurogenic bladder or neurogenic lower urinary tract dysfunction 
(NLUTD). Patients with NLUTD usually are symptomatic and may be at risk of 
long-term complications, the most significant of which is damage of renal func- 
tion. This is secondary to high bladder storage pressures with or without vesico- 
ureteral reflux [4]. Elevated bladder pressure is due to detrusor overactivity and/ 
or poor bladder compliance during storage, as well as detrusor muscle contrac- 
tions against a closed sphincter known as detrusor sphincter dyssynergia. The 
nature and extent of symptoms is dependent on the type of pathology, severity, 
and location within the nervous system. Therefore, treatment and long-term 
management varies according to the underlying disease process and resulting 
symptoms [5]. 

The relative risk of developing NLUTD in relation to specific pathologies is bet- 
ter understood. It often accompanies spinal cord injury, basal ganglia diseases, 
demyelinating disorders, and cerebrovascular diseases. The causes of spinal cord 
injury are multifactorial. They can be traumatic, vascular, congenital, or medical in 
origin. Patients with lesions above T10 with upper motor neuron-type injury will 
suffer from NLUTD consisting of neurogenic detrusor overactivity and detrusor 
sphincter dyssynergia. Those with lesions below L2 and a lower motor neuron-type 
injury will likely have an acontractile detrusor [6]. Many patients develop NDO as 
a result of neurologic conditions such as multiple sclerosis (MS) or spinal cord 
injury (SCI). NDO frequently results in urinary incontinence (UI), which has been 
shown to significantly impair nearly all aspects of patients’ health-related quality 
of life (HRQoL) and may further compound the disability associated with their 
condition. Life satisfaction has also been shown to be significantly lower among 
SCI patients with continence problems compared with individuals with bladder 
control [1]. NDO is defined as detrusor overactivity associated with a neurologic 
condition, so it is an aspect of NLUTD. NDO occurs when a known neurologic 
abnormality impairs the signaling systems between the bladder and the central ner- 
vous system, and the brain is unable to inhibit the detrusor muscles [6]. NDO is 
commonly associated with spinal cord injury (SCI) and multiple sclerosis (MS), 
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but patients with cerebrovascular accident, dementia, Parkinson’s disease, and 
other neurologic diseases may develop NDO. Any supra-sacral spinal cord lesions 
can cause NDO. The majority of people, however, that have been systematically 
studied are adults with MS and SCI and children and young adults with myelodys- 
plasia [2, 7, 8]. 


13.3 What Is Idiopathic OAB? 


OAB syndrome is defined as urgency, with or without UI, in the absence of patho- 
logical or metabolic disorders (bladder outlet obstruction, known neurological con- 
ditions, urinary tract infections) that might otherwise cause such symptoms. It is 
often associated with frequency and nocturia and affects 12-17% of individuals 
worldwide [1-9]. Approximately one-third of people with OAB have UUI [2]. OAB 
may negatively impact quality of life, work productivity, mental health, and sleep 
quality. Additionally, there is increased risk of infections, falls, and fractures par- 
ticularly in elderly subjects [3]. 

The underlying pathophysiology associated with idiopathic OAB is widely 
acknowledged to be multifactorial. Symptoms of urgency, the hallmark feature of idio- 
pathic OAB, are thought to result from increased activity or hypersensitivity afferents 
in the urothelial mucosal layer of the bladder, or overactivity of the detrusor muscle, or 
abnormal central nervous system processing of bladder afferent signaling [10, 11]. 

Urothelial or suburothelial dysfunction has been hypothesized to elicit OAB 
symptoms due to changes in the bladder mucosa at the level of the stratified urothe- 
lium or the interstitial cells of the lamina propria [12, 13]. The urothelium is also a 
sensory tissue expressing a wide range of signaling molecules and membrane recep- 
tors and responds to mechanical and chemical stimulation that may contribute to 
bladder sensation which could be altered for an increased afferent nerve expression 
[12-14]. Interstitial cells may play a role in the development of idiopathic OAB 
with modified expression of various interstitial cell markers (e.g., gap junction pro- 
teins). These kinds of proteins are expressed in toxic or inflammatory-mediated 
signaling, increasing the activation of suburothelial sensory afferents [12-15]. 

The myogenic hypothesis of OAB suggested that derived symptoms of OAB 
originate from upregulated, spontaneous, or involuntary contractions of detrusor 
muscle cells [15]. 

Abnormal central processing of bladder afferent signaling and/or cognitive 
manipulation has been proposed to produce perceptions of UU in idiopathic OAB 
patients [10]. 

Elements that could contribute to the “brain factor,’ as a supposed mechanism 
for eliciting sensations of UU, include alterations in the normal regulation by the 
insula, prefrontal cortex, and anterior cingulate gyrus, as well as the presence of 
environmental triggers or some effective states or psychological factors like anxiety 
that induce the expression of stress-related peptides which exacerbate chronic syn- 
dromes such as interstitial cystitis and OAB [16]. 
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13.4 What is the Treatment for NDO and Idiopathic OAB? 


European Association of Urology (EAU) guidelines recommended as first-line 
treatment for OAB behavior modifications or simply educating patients to be more 
strategic with regard to their fluid intake habits and other lifestyle factors that may 
be associated with incontinence, including obesity, smoking, level of physical activ- 
ity, and diet [17]. 

The fact that urinary symptoms were demonstrated to be exacerbated by exces- 
sive caffeine intake has focused attention on whether reduced consumption of cof- 
fee or drinks containing caffeine such as tea and cola may improve UI [17, 18]. 
Modifications in fluid intake, particularly restriction, are a strategy commonly used 
by people with UI to relieve symptoms. A recent RCT showed that a reduction in 
fluid intake by 25 % improved symptoms in patients with OAB but not UI [19]. 

Obesity has been identified as a risk factor for UI in many epidemiological stud- 
ies. There is evidence that the prevalence of both UUI and stress urinary inconti- 
nence (SUI) increases proportionately with rising body mass index. Smoking, 
especially if more than 20 cigarettes per day, is considered to intensify UI [18]. 
Identifying exacerbating factors, modifying behavior patterns, reducing infections, 
biofeedback, and pelvic floor strengthening are the mainstay of conservative 
management. 

American Urological Association (AUA) guidelines published in 2014 on the 
management of OAB confirm the role of behavioral therapy as first-line approach 
and pharmacologic therapy as second-line approach [20]. Antimuscarinic therapy is 
the mainstay of medical therapy for OAB. However, compliance has been poor, and 
discontinuation rates have been high due to the lack of efficacy and adverse side 
effects [20, 21]. The beta-agonist mirabegron has recently been approved for the 
management of OAB; however, its impact on patient’s compliance is yet to be deter- 
mined in the long-term follow-up. Mirabegron is the first clinically available beta-3 
agonist, and it reduces the incontinence episodes, urgency episodes, and micturition 
frequency/24 h. Beta-3 adrenoreceptors are the predominant beta receptors 
expressed in smooth muscle cells of the detrusor, and their stimulation is thought to 
induce detrusor relaxation [21]. 

Also in patients with NDO, antimuscarinic drugs represent the first-line choice. 
More recently, mirabegron was employed in some clinical experiences, but studies 
on safety and effectiveness in NDO patients are ongoing [17]. 

The third-line OAB treatment, only in idiopathic patients, has relied on sacral 
neuromodulation, such as sacral nerve stimulation, which requires minimally inva- 
sive surgical intervention [20]. Sacral neuromodulation is associated with a surgical 
revision rate of 3—16% and was first approved for IDO in urological field [22]. 
Peripheral tibial nerve stimulation (PTNS) may be offered as the third-line treat- 
ment in a carefully selected idiopathic patient population [20]. 

Intradetrusor injection of onabotulinumtoxinA was approved in 2011 for the 
management of NDO. In January 2013, it was approved for the management of “wet 
OAB” [20-23]. In this type of third-line treatment, associated intermittent catheter- 
ization must be taken in consideration. 
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In selected patients, augmentation cystoplasty or urinary diversion for severe, 
refractory, complicated OAB patients may be considered, especially in subjects 
with very small anatomical bladder [20-23]. 


13.5 History of Botulinum Toxin in Urology: Development 
and Mechanism of Action 


The BoNT is a neurotoxic protein causing a severe flaccid paralysis and synthesized 
by Clostridium botulinum, a Gram-positive obligated anaerobe bacterium. 

The first incident of food-borne botulism was documented in the eighteenth cen- 
tury, when the consumption of meat and blood sausages gave rise to many deaths 
throughout the kingdom of Württemberg, in southwestern Germany. The district 
medical officer, Justinus Kerner (1786-1862), who was also a well-known German 
poet, published the first accurate and complete descriptions of the symptoms of 
food-borne botulism between 1817 and 1822 and attributed the intoxication to a 
biological poison. In 1895, an outbreak of botulism in the small Belgian village of 
Ellezelles led to the discovery of the pathogen Clostridium botulinum by Emile 
Pierre van Ermengem. Modern botulinum toxin treatment was pioneered by Alan 
B. Scott and Edward J. Schantz in the early 1970s, when type A serotype was used 
in medicine to correct strabismus [24]. 

Actually eight serotypes of BoNT are described, and only types A, B, E, F, 
and H cause human disease. They are resistant to degradation by enzymes of 
gastrointestinal tract, and they are absorbed from the intestinal mucosa into the 
bloodstream [25]. 

The BoNT is a two-chain protein composed of heavy chain polypeptides joined 
via disulfide bonds to light chain polypeptides. The eight serologically distinct toxin 
types possess different tertiary structures and significant sequence divergences. 

The molecular target of the toxin type A (BoNT/A) is the synaptosomal- 
associated protein 25 (SNAP-25), a protein involved in vesicle fusion and mediating 
release of acetylcholine, from axon endings. A new hypothesis of afferent BoONT/A 
mechanism of action in the bladder combines the presynaptic cholinergic junction 
inducing detrusor muscle relaxation to an action on afferent sensory receptors in the 
urothelium. Emerging data suggest that these sensory effects are probably due to the 
action of BoNT/A on neurotransmitters other than acetylcholine. The BoNT/A 
seems to have an antinociceptive action, independent of its neuromuscular junction- 
blocking action, that might involve modulation of glutamate, substance P, calcitonin 
gene-related peptide, enkephalins, and others [5, 26]. 

BoNT/A was first approved in humans as medical therapy for the treatment of 
benign essential blepharospasm and strabismus in 1989 with the TM Botox®. The 
use of BoNT/A in the urinary tract was first describe by Dykstra et al. in 1988, who 
injected it into the external urinary sphincter to treat detrusor sphincter dyssynergia 
in patients with spinal cord injury [27]. Its use is expanded in the management of 
lower urinary tract symptoms associated with detrusor overactivity, bladder out- 
flow obstruction, and painful bladder syndrome/interstitial cystitis. BoNT/A is 


176 V. Li Marzi et al. 


most commonly used in the management of lower urinary tract symptoms. 
Occasionally, BoNT/B has been used in few patients resistant to previous BONT/A 
treatment [28, 29]. 

Currently, there are three commonly used formulations of BoNT/A: onabotu- 
linumtoxinA (Botox or Vistabel — Allergen, Irvine, CA, USA), abobotulinumtoxinA 
(Dysport — Medicis, Scottsdale, AZ, USA, or Azzalure — Ipsen, Paris, France), and 
incobotulinumtoxinA (Xeomin or Bocouture — Merz Pharmaceuticals, Frankfurt, 
Germany). This accounts for the variations in dose, efficacy, duration of effect, and 
safety profile of the different preparations. Largest series and approval studies in 
urological field are regarding onabotulinumtoxinA. 


13.6 Bladder Injection Technique 


The target layer within the bladder wall for cystoscopic intravesical injection is 
generally considered to be the detrusor muscle. Cystoscopic visualization is not 
accurate in assessing the depth of needle penetration into the bladder wall. A sub- 
mucosal blush “bleb” implies the needle is submucosal. A slight bulge at site of 
injection implies muscle is probably included [30, 31]. 

The absence of visual dye changes at the site of injection may suggest that the 
needle tip is at serosal or extravesical level. Another variable that may influence 
which layer of the bladder wall is injected (apart from the length/depth of the inject- 
ing needle) is bladder wall thickness which depends on patient age, the presence of 
bladder outflow obstruction, and the degree of fullness of the bladder [32, 33]. 

Kuo assesses that BoNT/A suburothelial injections are more effective than detru- 
sor injections in IDO patients to reduce significant voiding difficulty, but neverthe- 
less, 30% required catheterization [34]. The author proposes that the blockage of 
detrusor muscle through suburothelial sensory fibers was more pronounced than 
neuromuscular junctions and/or the small amount of BoNT/A diffusion from the 
detrusor to the suburothelium — following detrusor injection — was responsible for 
the responses previously reported [34]. 

A recent study examines the later distribution of BoNT/A/gadolinium within the 
bladder wall by performing a delayed MRI scan at 3 h after intravesical injection, try- 
ing to explain how BoNT/A may be producing its effect. Twenty consecutive patients 
were enrolled (8 males, 12 females): 9 have IDO and 11 have NDO. Fourteen patients 
repeated the procedures, and six received intravesical BoNT/A injection for the first 
time. Patients received a total of 20 injections of 1 ml into bladder wall sites, including 
2 injections into the trigone. According to this study, the diffusion of BoNT/A after 
intravesical injection appears to be very common once the mucosa and the detrusor 
muscle are pricked. Therefore, precise injection localization, specifically into the 
detrusor muscle layer at cystoscopy, may not be as relevant to the outcome as previ- 
ously assumed [35]. Another paper confirms that BoNT/A injections in the bladder 
wall can spread the toxin to areas very distant from the injection point [36]. 

Currently approved procedure expected that the bladder should be filled gradually 
to ensure adequate visualization, but it should not be overdistended. Intradetrusor 
injections of 100 U and 200 U of onabotulinumtoxinA are dosages approved for “wet” 
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OAB and NDO, respectively. Dilution in 20 ml of saline solution for “wet” OAB and 
30 ml for NDO is recommended. The intradetrusor injections are performed by means 
of cystoscopy at 1 cm distance from each other, sparing the trigone, for a total of 20 
injections in iOAB “wet” patients, and 30 injections in the NDO patients. 

The depth of the injection is fundamental to avoid systemic side effects. It is 
recommended that the injection should be approximately 2 mm into the detrusor. If 
the injection is too superficial, a mound would be created. Theoretically, if the injec- 
tion is too superficial, the onabotulinumtoxinA could leak through the puncture site 
or will not diffuse into the detrusor muscle. If the injection is placed too deep, the 
toxin may diffuse into the surrounding structures [37, 38]. 

The use of suburothelial injection compared to intradetrusor injection was evalu- 
ated in a study of 32 patients with neurogenic bladder secondary to SCI. The only 
parameter favoring intradetrusor injection was the improvement in detrusor compli- 
ance. No other differences in the short-term follow-up between intradetrusor and 
suburothelial injections were noted for number of catheterizations in 24 h, number 
of incontinence episodes in 24 h, catheterized volume, cystometric bladder capacity, 
volume at first involuntary detrusor contraction, and maximum detrusor pressure 
during filling [39]. 

Needles for intradetrusor injection of onabotulinumtoxinA vary in size from 20 to 
25 gauge. The tip length varies from 2.5 to 8 mm, and the overall length of the injec- 
tion needle varies from 31.3 to 105 cm. It is important for clinicians to be aware of 
the differences between needles because these differences may affect injection tech- 
nique and patient comfort. Significant bleeding is rarely encountered during the 
injection, but patients should be informed that blood in the urine may occur for a day 
or two after the procedure. When performing the injections with the use of a flexible 
cystoscope, it is important to either use a needle with an introducer tip or pre-place 
the needle with its tip just inside the working channel prior to passing the scope into 
the bladder. Failure to do so may cause damage to the working channel. 

Prophylactic antibiotic therapy is recommended [38-41]. The use of indwelling 
catheter is not mandatory but depends on clinician judgment. Upon completion of 
the procedure, patients who are not on clean intermittent catheterization should be 
observed to ensure they are able to void prior to discharge, and post-void residual 
should be measured. The onset of action can take 1—2 weeks. Post-void residual 
should be remeasured approximately 2 weeks post-procedure. The choice to start 
clean intermittent catheterization is based on the post-void residual volume and pres- 
ence of symptoms. Efficacy is typically observed 6-9 months postinjection [41]. 
Patients should not be retreated prior to 12 weeks postinjection. 


13.7 Botulinum Toxin A for NDO and Idiopathic “Wet” OAB 
13.7.1 Efficacy in NDO 
There is an established evidence-based and reported high level of evidence (LE) 


data for the use of onabotulinumtoxinA (Botox) in the treatment of NDO and 
idiopathic “wet” OAB (wet iOAB) and abobotulinumtoxinA (Dysport) for NDO 
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only [8]. BoNT/A causes a long-lasting but reversible chemical denervation that 
lasts for about 9 months in neuro-urological patients. The toxin injections are 
mapped over the detrusor in a dosage that depends on the preparation used [8]. In 
NDO patients, three studies were LE1, two onabotulinumtoxinA and one abobotu- 
linumtoxinA [8]. 

Ehren et al. have compared abobotulinumtoxinA 500 units with placebo and 
found it to significantly reduce the need for anticholinergic medication [42]. Del 
Popolo et al. study using this preparation randomized patients to either 500 or 750 
units. The authors found a trend toward greater improvement with 750 units that 
was not significant [21]. 

OnabotulinumtoxinA has been proven effective in patients with neuro-urological 
disorders in phase III RCTs [43]. In phase III RCTs, onabotulinumtoxinA 200 and 
300 units has been shown to lead to significant improvements in parameters com- 
pared to placebo [5, 43-45]. Moreover, no significant differences were found 
between 200 and 300 U dosage for efficacy and duration, so 200 U is the approved 
dosage in NDO patients. Although one study reported a slightly higher rate of com- 
pletely “dry” patients receiving 300 units (41 %) compared to 200 units of onabotu- 
linumtoxinA (36 %) at 6 weeks posttreatment [46]. 

A systematic review (28 studies included) of the efficacy and safety of botulinum 
toxin A intradetrusor injections in adults with NDO demonstrated superior effects 
of onabotulinumtoxinA compared with placebo in continence, reduction in inconti- 
nence episodes, improvement in urodynamic parameters, as well as improvement in 
health-related quality-of-life assessments. The most commonly encountered side 
effects were the need for clean intermittent catheterization, urinary retention, and 
urinary tract infections. In this review, the dose of onabotulinumtoxinA used for 
NDO ranged from 100 to 300 units [47]. Schurch et al. also noted a difference in the 
continence status between patients treated with 200 units of onabotulinumtoxinA 
(23.77 %) compared to placebo (8.5 %) [48]. All studies reported significant reduc- 
tions in the number of incontinence episodes with both 200 and 300 units of ona- 
botulinumtoxinA [47]. Ginsberg et al. noted that 36 % of patients (n= 135) treated 
with 200 units of onabotulinumtoxinA were continent compared to 10 % with pla- 
cebo (n= 149) at 6 weeks posttreatment, which was statistically significant [46]. 

A long-term study by Kennelly et al. demonstrated a sustained, clinically mean- 
ingful improvement in urinary symptoms and QOL following onabotulinumtoxinA 
treatment in patients with UI due to NDO during the 4-year study, with no new 
safety signals [49]. These results further support the use of onabotulinumtoxinA 
200 units in patients with NDO and UI who are inadequately managed by anticho- 
linergic medication. Of the 691 patients enrolled in the phase III study, 396 MS and 
SCI patients entered the extension study. Data for patients who received at least up 
to six sequential onabotulinumtoxinA treatments are reported. Patients who needed 
seven or more treatments during the 4-year study were not large and only one patient 
received 13 treatments. At week 6 following each treatment, onabotulinumtoxinA 
200 units consistently reduced the mean number of daily UI episodes. The propor- 
tion of patients achieving 50 % reduction in UI episodes/day was consistently over 
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83 %, whereas the percent of patients with a 100% reduction in UI episodes/day 
ranged from 43 % to 56% across six treatments. Repeated injections were demon- 
strated to be possible without loss of efficacy [49]. 


13.7.2 Efficacy iOAB Wet 


An approval study with a phase III placebo-controlled trial of onabotulinumtoxinA in 
557 patients with wet iOAB inadequately managed with anticholinergics was per- 
formed to obtain approval for this kind of treatment. At baseline, patients experienced 
a mean of 5.3 UI episodes per day, most of which were UUI episodes (mean of 4.6 
episodes per day). At week 12, there was a mean 47.9% reduction from baseline for 
onabotulinumtoxinA group vs. 12.5 % for placebo. Further, 57.5 % of patients treated 
with onabotulinumtoxinA achieved a 50% or greater reduction in UI episodes com- 
pared to 28.9% with placebo. Continence (100% reduction) was achieved by 22.9 % 
of patients treated with onabotulinumtoxinA compared to 6.5% of those receiving 
placebo [41]. Secondary endpoints included decrease from baseline at week 12 in 
mean micturition, urgency, and nocturia, as well as impact on patient health-related 
quality of life using the Incontinence Quality of Life (-QOL) and Kings Health 
Questionnaire (KHQ). Statistically significant differences between onabotulinumtox- 
inA and placebo were noted for all of these secondary endpoints [41]. 

In another randomized, double-blind, placebo-controlled trial published few 
months later compared to the Nitti’s publication, onabotulinumtoxinA significantly 
decreased UI episodes per day at week 12 (—2.95 for onabotulinumtoxinA vs. —1.03 
for placebo; p<0.001). Reductions from baseline in all other OAB symptoms were 
also significantly greater following onabotulinumtoxinA compared with placebo 
(p <0.01) [23]. 


13.7.3 Adverse Events 


There are two categories of treatment-related adverse events (AEs) secondary to 
intradetrusor injection of BoNT/A: local and systemic side effects. 

The most common local events are infections and hematuria, which are often 
related to the procedure rather than to the toxin [5]. 

The rate of UTI is reported at 21 %-—32 % and injection-associated pain at 10%. 
These local AEs are more common in patients with IDO than the ones with NDO. In 
fact, in patients with IDO, the most frequently reported AE is UTI, most cases of 
which occurred in the first 12 weeks (43 of 278 or 15.5% for onabotulinumtoxinA 
vs. 16 of 272 or 5.9% for placebo) [44]. 

Other AEs that occurred in the first 12 weeks at a higher incidence in patients 
treated with onabotulinumtoxinA are dysuria (12.2 %) and bacteriuria (5.0 %) [41]. 
Rarely there are complicated UTIs with upper urinary tract involvement as pyelone- 
phritis [45]. 
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Intradetrusor injections of BoNT/A could be associated with excess weakness or 
relaxation of the muscles resulting in an underactive detrusor activity with tempo- 
rary increased risk of post-void residual volume or urinary retention that is a prob- 
lem for non-neurological patient, and therefore they need to be willing and able to 
perform intermittent catheterization (IC) if not already doing so [41], meanwhile 
complete urinary retention is what we try to obtain in patient with NDO that are 
used to perform IC. 

Nitti et al. describe a PVR significantly increased in patients with IDO treated 
with onabotulinumtoxinA vs. placebo with the highest volume at posttreatment 
week 2. At weeks 2, 6, and 12, values were 49.5, 42.1, and 32.6 ml in the onabotu- 
linumtoxinA group vs. 1.1, 3.1, and 2.5 ml in the placebo group, respectively. Of the 
276 patients, 24 (8.7 %) exhibited a 200 ml or great increase from baseline in PVR 
at any time after initial treatment with onabotulinumtoxinA vs. none treated with 
placebo. The proportion of patients who initiated IC at any time during treatment 
cycle 1 was 6.1 % (17/278) vs. none in the placebo group. For more than half the 
patients who initiated IC (10/17), the duration was 6 weeks or less [41]. 

Chapple et al. in their study report that the majority of patients with IDO (75.8 %) 
did not have an increase from baseline in PVR >100 ml following treatment with 
onabotulinumtoxinA 100 U, and only 8.8 % of patients in the onabotulinumtoxinA 
group had a change from baseline in PVR 200 ml at any point during the treatment 
cycle. The proportion of patients who initiated IC following onabotulinumtoxinA 
treatment was 6.9%. IC was started in nearly all patients within the first 12 weeks 
following treatment; only two patients in the placebo group (0.7 %) initiated IC [45]. 

Urinary retention could be a dose-related side effect, for example, Rajkumar 
et al. report an increased post-void residual volume in some patients with IDO after 
300 UI BoNT/A [50]. Kuo et al. describe an increased dose-related risk of urinary 
retention and bad bladder emptying (100 U: 0%; 150 U: 10%; 200 U: 20%) [31]. 

In neurological non-catheterizing patients, Cruz et al. have demonstrated an aug- 
mented incidence of de novo IC with the increase of the dosage, respectively, 12 % 
for placebo, 30 % 200 U, and 42 % 300 U. In addition, patients submitted to reinjec- 
tion reported a lower incidence of urinary retention [43]. 

Systemic events occur due to migration of toxin beyond the detrusor muscle 
causing muscle weakness or hyposthenia in nontargeted adjacent muscles or distal 
ones. The incidence of severe adverse events as diaphragmatic paralysis is very low. 
General hyposthenia was first reported in 2001 during the 18th International 
Continence Society Meeting [51]. The incidence of severe adverse events in high- 
level studies in patients receiving BoNT/A is low. It must be noted that the majority 
of cases of hyposthenia are transient and mild [52]. 

Del Popolo et al. report hyposthenia and muscle weakness in 5 of 61 patients 
(8%) treated with 1000 U of abobotulinumtoxinA for NDO [53]. These effects 
persist for about 4 weeks after injection. Furthermore, Grosse et al. describe that 
four patients (17 %) had transient muscle weakness in the trunk and/or extremities 
lasting up to 2 months [54]. 

Controlled clinical trials are needed to establish the optimum dose and technical 
details of administering BoNT/A, the number of injection sites, the volume of 
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dilution, and whether the trigone should be spared, as these have not yet been spe- 
cifically determined and can play an important role to maximize efficacy and avoid 
side effects. It’s important to underline that none of the major BoNT/A-related side 
effects are observed with approved therapeutic dosages. 


13.8 Future Research 


A promising role in the treatment of NDO and iOAB is represented by the use of 
intravesical injections of liposomes, either empty or filled with specific drugs. 

Liposomes are lipid vesicles composed of concentric phospholipid bilayers 
enclosing an aqueous interior [55, 56] and have been studied as drug carriers since 
their capacity of improving the delivery of chemotherapeutic agents while reducing 
the risk of adverse side effects [57-59]. 

Empty liposomes have itself a topical healing effect, as seen in ophthalmological 
conditions such as keratitis, uveitis, endophthalmitis, proliferative vitreoretinopa- 
thy, and corneal transplant rejection [60]. 

For this reason, empty liposomes may be used as therapeutic agents for bladder 
injury. 

Preclinical studies have shown using a rat model of bladder injury, induced by 
protamine sulfate, that instillation of liposomes protected bladder from irritation [61]. 

Furthermore, empty liposome instillation has been used as control against cap- 
saicin delivery study, and bladder tolerance was investigated by cystometry and 
histology [62]. 

Cystometric studies involved bladder injury induced by protamine sulfate for an 
hour followed by irritation caused by infusion of high concentration of potassium 
chloride solution [63, 64]. Posttreatment of liposomes showed the protective effect 
in this model [63, 64], which involved coadministration of liposomes with potas- 
sium chloride to mimic the clinical disease condition. The comparative efficacy of 
liposomes was evaluated against FDA-approved therapies of dimethyl sulfoxide 
(DMSO) and intravesical instillation of PPS [65]. 

Clinically, DMSO (RIMSO-50) is the only FDA-approved intravesical treatment 
for PBS/IC, [66] but off-label instillation of PPS has also been pursued [67]. The 
efficacy of various treatments was evaluated in chemically induced bladder hyperac- 
tivity in rats by sequential infusion of protamine sulfate and potassium chloride. 
Bladder reflex activity of female Sprague-Dawley rats before and after treatment was 
evaluated by continuous cystometry under urethane anesthesia (1.0 g/kg). Intravesical 
liposomes were effective in doubling the intercontractile interval (ICI) compared 
with PPS, while acute instillation of DMSO failed to produce any protective effect in 
this animal model [68]. Encouraged by the exciting preclinical efficacy liposomes as 
therapeutic agent for intravesical therapy of IC/PBS, Chuang et al. recently pub- 
lished the clinical safety and efficacy of liposomes in IC/PBS patients [69]. In an 
open-label prospective study on 24 IC/PBS patients, the effect of intravesical lipo- 
somes was compared against oral PPS. Patients were equally divided into the two 
treatment arms, administered either intravesical liposomes (80 mg/40 cc distilled 
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water) once weekly or oral PPS (100 mg) three times daily for 4 weeks each. Ten 
possible responses to treatment were monitored at three time points, including base- 
line, and at weeks 4 and 8. Comparable efficacy of liposomes to oral PPS was dem- 
onstrated by statistically significant decreases in urinary frequency and nocturia in 
both treatment arms. Liposome treated patients showed statistically significant 
decreases in pain, urgency, and the O’Leary-Sant symptom score, with the effect 
being most profound on urgency. None of the treated patients in the study reported 
urinary incontinence, retention, or infection due to liposome instillation, and there 
were no unanticipated adverse events and no significant worsening of symptoms dur- 
ing follow-up. The exact mechanism of action for liposomes in IC/PBS remains to be 
established, but protective coating effect based on preclinical studies cannot be ruled 
out. In the field of neuro-urology, liposomes may have a major role in improving 
delivery of neurotoxins into the bladder to achieve a better chemical neuromodula- 
tion of afferent neurotransmission since existing approaches of instillation of the 
drugs are not optimal because of both the vehicle toxicity and degradation by prote- 
ases and proteinases in urine, dilution in urine, and poor uptake of the BoNT solution 
into the urothelium [70, 71]. Moreover, the use of liposomes can enhance efficacy at 
lower doses [72], protecting the BoNT entrapped inside the liposomes from degrada- 
tion in urine without compromising its efficacy, as demonstrated by attenuation of 
acetic acid-induced bladder irritation in rats [73]. Also its transport into the urothe- 
lium from liposomes has been confirmed by detection of its effect on SNAP-25 
through immunohistochemistry analysis [73]. Liposomes are an attractive drug 
delivery platform by virtue of their biodegradability, biocompatibility, low toxicity, 
and simple and mild preparation methods and thus must be considered as a forefront 
drug delivery system and treatment to improve pharmacotherapy of bladder diseases 
in the future. 


Conclusions 

BoNT/A injections into the detrusor have a significant but temporally limited 
effect in idiopathic and neurogenic DO resistant to antimuscarinic treatment. 
Furthermore, the establishment of onabotulinumtoxinA as approved treatment in 
both NDO and wet iOAB will allow more patients to benefit from this treatment. 

Little steps toward a better understanding about the efficacy of BoNT/A and 
how it works have been taken and a growing body of evidence has been 
published. 

What we know about NDO is that BoNT/A has an extraordinary efficacy in 
patients with spinal cord lesions even after repeated injections. 

What we know about IDO and other urologic not-approved indications (e.g., 
painful bladder, BPO) is that BoNT/A creates an early amelioration of symp- 
toms. What we need to know is the best method of administration and proper 
dosage to avoid possible early complications such as urinary retention and long- 
term complications to detrusor voiding function. 

Further researches are needed to avoid the improper usage of BONT/A because 
poor results or complications may compromise an opportunity for treatment 
without precedence in the field of functional urology. 
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Giulio Del Popolo and Giovanni Mosiello 


14.1 Background 


Augmentation cystoplasty (AC) is a surgical procedure that involves the use of 
bowel segments to increase bladder capacity. AC can be considered as the last 
option in neurogenic and non-neurogenic bladder dysfunction in those cases where 
conservative management and minimally invasive treatments have been unsuccessful 
and exhausted [1, 2]. Neurological patients with neurogenic detrusor overactivity 
(NDO) should initially undergo medical treatment with antimuscarinics and the 
addition of intermittent catheterization (IC), usually needed in patients with 
detrusor-sphincter dyssynergia. If these are unsuccessful, the next step should be 
intradetrusor injections of botulinum toxin A (BoNT/A) that offer an alternative in 
those with intractable NDO, even though the effect is only temporary and up to a 
median period of 9 months. In non-neurological patients, when antimuscarinics fail, 
BoNT/A, at the lower dosage of 100 U, is indicated, even if there is still a relative 
risk of urinary retention and consequent catheterization, not always accepted by 
patients suffering from idiopathic conditions [3, 4]. Alternatively, in non-neurogenic 
patients with symptoms refractory to other treatments, the neuromodulation may 
also be attempted [5]; this approach offers a quality-of-life (QoL) improvement 
comparable with antimuscarinics [6]. Patients who fail treatment with all these 
modalities are then considered for AC that is the most common indication in neuro- 
genic patients. 
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Generally, AC has been used for the treatment of the low capacity, poorly compliant, 
or refractory overactive bladder (OAB) [7] and for congenital urological anomalies in 
pediatric population (i.e., bladder exstrophy). However, in the last decades, the use of 
AC is decreasing because [7] newer therapeutic approaches are reducing, even if not 
eliminating, the need for this surgical approach. In the UK, the overall number of AC 
procedures (ileocystoplasty, colocystoplasty, caecocystoplasty, specified and unspeci- 
fied enlargement of the bladder) has shown an overall downward trend over the last 
decade, falling from 192 operations in 2000 to 120 in 2010 [8]. Specifically, the num- 
ber of ileocystoplasty procedures performed has decreased from 155 in 2000 to 91 in 
2010 [8]. In comparison, the number of BoNT/A treatments has significantly increased 
from around 50 cases in 2000 to 4088 in 2010 [8, 9]. 


14.2 Indications for AC (Table 14.1) 


The main indication for AC is represented by neurogenic and non-neurogenic blad- 
der dysfunction in those cases where conservative management, lifestyle modifica- 
tion, pharmacological therapies, and minimally invasive treatments have failed [1, 2]. 
The surgical procedure aims to restore urinary storage, protect the upper urinary tract 
preserving renal function, reduce urinary infection, and provide continence and a 
convenient method of voluntary and complete emptying in idiopathic patients, while 
most of neurological patients, particularly patients with spinal cord injury (SCI), 
need IC [7, 9]. 

Khastgir et al. found high satisfaction rates and successful surgical outcomes 
(increase in bladder capacity, reduction in detrusor pressure, and resolution of con- 
current reflux) following AC in 32 spinal cord injured patients with refractory neu- 
rogenic bladder; Zachoval et al. reported similar outcomes in patients with multiple 
sclerosis [10, 11]. 

Kwun-Chung Cheng confirmed the effectiveness of AC in increasing bladder 
capacity, improving bladder compliance and reducing detrusor overactivity in 40 
neurogenic women with 10 years of follow-up. The author emphasizes the preserva- 
tion of renal function and the low rate of metabolic complications providing a solid 
evidence of long-term favorable outcomes of this procedure in patients with neuro- 
genic or non-neurogenic bladder dysfunction [12]. 

Other papers in the literature report satisfactory outcomes of AC (as measured by 
postoperative symptom scores or urodynamic parameters) in 88 % of patients, with 
a clean intermittent self-catheterization (CIC) rate ranging from 10 to 75% 
[13-17]. 


Table 14.1 Neurological Neurogenic conditions | Non-neurogenic conditions 
and non-neurological patients 


with possible indications to Spinal cord injury Interstitial cystitis 
AC Myelomeningocele Radiation cystitis 
Tethered cord DO with low-compliance bladder 


Multiple sclerosis Defunctionalized bladder (dialysis) 
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Another indication for AC includes the management of low capacity and poorly 
compliant bladder determined by infective diseases (i.e., schistosomiasis, tuberculosis) 
and inflammatory disorders that may develop after radiotherapy, intravesical or sys- 
temic chemotherapy, or interstitial cystitis [13, 14]. Studies on patients suffering from 
interstitial cystitis/bladder pain syndrome are limited by the small case series and by 
the variability of results [15-17]. Satisfactory outcomes have been reported in patients 
with small-capacity bladders caused by Hunner’s ulcer disease, with complete pain 
relief in 63 % and improvement in 25 %; however, it is well reported that patients may 
experience pain recurrence also in augmented bladders [15-17]. Although the indica- 
tion of recent studies in literature seems to be controversial, symptoms related to previ- 
ous radiotherapy can be treated with AC with a success rate at about 70% [18, 19]. 

Regarding the treatment of congenital bladder anomalies in pediatric population 
[20-22], Rubenwolf et al. assessed the long-term results of continent urinary diver- 
sion (CUD) and AC in 44 children with irreversible lower urinary tract dysfunction 
(LUDT) from 1992 to 2007. In this study, an overall complete continence was 
achieved in 94 % of the cohort (95 % of patients with CUD and 83 % in those with 
AC), while upper urinary tract and renal function remained stable in 89 % and 95 %, 
respectively. Although it is a small study, the results show the effectiveness of AC 
(and CUD) in children with acceptable long-term complication rates [23]. 

Another indication for AC is in the setting of renal transplantation, because it is 
considered better than ileal conduit urinary diversion in terms of protecting the 
renal allograft from high-pressure reflux nephropathy and consequent graft failure 
[7, 24, 25]. AC can be performed previously, after or at the time of kidney 
transplantation because there is no significant difference regarding graft survival 
between the techniques [26, 27]. 

As in adults, also in children the main goal of AC is to create a low-pressure 
catheterizable reservoir. Therefore, surgical indication could be represented by a 
simple augmentation, aiming to create a continent reservoir, or by a bladder replace- 
ment. The choice should be based on: 


e Mental and physical status 

e Ability to perform self-administered CIC 

e Age 

e Renal function and its expected evolution during time 

e Outlet (bladder neck and urethral) status 

e Previous bowel surgery, including appendectomy and ventriculoperitoneal shunt 


All these aspects may be more relevant in pediatric patients where a correct 
choice will allow a long-life improvement. 
14.3 Contraindications 
Since the procedure involves the digestive tract, the contraindications to AC include 


intrinsic bowel disease (Crohn’s disease, congenital anomalies such as cloacal 
exstrophy, bladder/bowel tumors, and previous radiotherapy), or conditions 
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resulting in short or abnormal bowel, whereby the removal of a bowel segment will 
produce further deleterious effects [28]. Another relative contraindication is the 
reduced manual dexterity or cognitive function leading to an inability to perform 
CIC. Significant renal impairment is actually a relative and controversial contrain- 
dication. In fact, recent studies on children with chronic renal insufficiency and 
neuropathic bladder submitted to AC showed stable renal function at 1.9-year fol- 
low-up in 73 % or its improvement in 18 % (mean GFR 34 ml/min/1.73 m°) [29]. 


14.4 Surgical Perspective and Techniques 


Among the different surgical techniques, ileocystoplasty is the most used type of blad- 
der augmentation. Mikulicz first described augmentation ileocystoplasty in humans in 
1889 [30]. The technique was then popularized by Couvelaire in the 1950s for the 
management of tuberculous bladders and was further published by Bramble in the 
1980s in conjunction with CIC [1]. However, successful use of different segments of 
bowel, both simple and complex (including cecum, ascending and sigmoid colon, 
either tubular or detubularized), has been reported (Table 14.2) [7, 31]. Although the 
bowel segment used can be a matter of preference of the surgeon, the small bowel is the 
segment of choice due to its ease of handling, obviously if there are no other contrain- 
dications. Similar considerations should be applied in patients undergoing redo proce- 
dures. In pediatric population, the gastric segments were once popular for augmentation 
and considered the only possible choice patients with significant renal function impair- 
ment or when no other segments were available as in cloacal exstrophy; however, this 
technique was correlated to higher risk of complications [7, 31-33]. 


14.5 Preoperative Evaluation and General Principles 


History, bladder diary, creatinine, urine analysis, culture, and cytology should be 
done before surgery. Upper urinary tract should be investigated by ultrasound to 
identify any anomaly: if hydronephrosis is diagnosed, an upper urinary tract obstruc- 
tion (i.e., ureteropelvic junction obstruction) should be excluded before AC. 


Table 14.2 Advantages and disadvantages of using different bowel segments for AC 


Bowel 
segment Advantages Disadvantages 
Stomach Decreases mucus, infection, Hematuria, dysuria 
and stones 
Tleum Available Electrolyte disorders, production of mucus 
Ureter Minimizes mucus, infection, | Only in selected cases 
stones, and electrolyte effects 
Sigmoid Possible use in case other Electrolyte disorders (metabolic acidosis, 
colon bowel segments are not hypokalemia, low bicarbonate), possible onset 


available of malignancies 
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Voiding cystourethrography, or better a videourodynamic examination, should 
be performed to evaluate cystometric capacity, the presence of any diverticula, the 
function of the bladder neck, and the presence of vesicoureteral reflux, assessing if 
it develops at low intravesical pressure or during detrusor contraction with high 
pressure. If videourodynamic is not available, the urodynamic evaluation should be 
performed in all patients in whom AC is being considered. 

Augmentation procedure usually solves the vesico-renal reflux. However, in 
patients suffering from low-pressure reflux, the problem might persist also after 
surgery, even if with lower risk of renal damage. 

Cystoscopy can be used in selected cases for identifying occult urethral 
valves, strictures, or unsuspected bladder pathologies, particularly in neurogenic 
patients. 

During the surgical procedure, a minimal amount of bowel should be used. For 
this reason, detubularization is recommended, as well as a continence mechanism 
has to be assured in all procedures, open or laparoscopic; finally, in order to avoid 
stone formation, only readsorbable suture and stapler must be used. 


14.5.1 Augmentation Cystoplasty: Open Technique 


Classically, AC is performed by an open abdominal approach with coronal or sagit- 
tal bivalving of the bladder down to, and anteriorly, the level of the ureteric orifices, 
with anastomosis of the bowel segment onto the native bladder [1, 7]. In neurologi- 
cal patients all supratrigonal bladder is removed to avoid residual NDO after partial 
cystectomy and augmentation. The most widely used bowel segment for AC is a 
detubularized patch of ileum, usually taken about 25—40 cm from the ileocecal 
valve [1, 32]. If cecum is used, it is often in conjunction with the terminal ileum 
(ileocecocystoplasty) [33]. In all these techniques, the utilized bowel segment must 
be opened along the antimesenteric border. 


14.5.2 Autoaugmentation and Other Procedures 


An alternative to AC is the “so-called” autoaugmentation (detrusor myomec- 
tomy) where detrusor muscle is stripped from the bladder mucosa; it is reported 
that this technique, described for the first time in 1989, achieves an overall suc- 
cess of 50-70 %. It is used mainly in children and a laparoscopic approach may 
be considered [34, 35]. This technique offers several advantages: short hospital 
stay, reduced postoperative complications, and no neoplastic risk. Anyway, 
long-term results are disappointing, and this is the reason why this technique 
has been widely used by pediatric urologist, where a temporary mini-invasive 
solution is useful especially in younger children. Another procedure in compli- 
cated dysfunction with vesicoureteral reflux is the ureterocystoplasty using a 
preexisting dilated ureter, but up to 24 % of the patients require revision surgery 
[36, 37]. 
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14.6 Laparoscopic and Robotic Approach 


Modern advances in surgical technique have introduced laparoscopic gastrocysto- 
plasty and ileocystoplasty [38] and more recently robotic augmentation ileocysto- 
plasty [39]. 

Laparoscopic approach was first described by Gill et al. [38] in a series of three 
patients with small-capacity neurogenic bladders who underwent laparoscopic 
ileocystoplasty, sigmoidocystoplasty, and cystoplasty with cecum and proximal 
ascending colon. In this technique, after a Veress needle pneumoperitoneum, a 
four-port transperitoneal laparoscopic approach is used and an appropriate 15-cm 
length of bowel is identified. The distal end of the selected bowel segment is marked 
with an electrocautery. After desufflation, the preselected loop of the bowel is extracted 
outside the abdomen through a 2-cm extension of the umbilical port incision. Using 
open technique, the bowel segment with its mesenteric pedicle is isolated, the bowel 
continuity is restored, and the isolated bowel segment is detubularized along its 
antimesenteric border. A repair stitch is placed at both the cephalic and caudal end of 
the bowel patch to facilitate subsequent laparoscopic orientation and the bowel is 
allocated again into the abdominal cavity. An anteroposterior cystotomy incision is 
performed using electrosurgical scissors. After suturing the bowel mucosa and mus- 
cularis with the bladder wall by a full-thickness, single-layer running suture, the blad- 
der augmentation is completed [38]. A similar surgical approach is used for 
robot-assisted enterocystoplasty. The robot-assisted laparoscopic technique has well- 
known advantages (intracorporeal devices with seven degrees of freedom, high-reso- 
lution, three-dimensional vision) that facilitate intracorporeal dissection and suturing 
[39]. These minimally invasive procedures are, then, feasible and efficaciously repro- 
duce the surgical principles of the open enterocystoplasty, minimizing operative mor- 
bidity, expediting convalescence, and enhancing cosmesis [38, 39]. However, they are 
associated with increased operative time, even if technological innovation is every day 
launching on the market more advanced and efficient devices (laparoscopic staplers) 
which allow a totally intracorporeal bowel isolation and reconfiguration, lowering the 
impact of manual suturing on the operative time of the whole surgical procedure, thus 
to render them feasible and easily reproducible. Laparoscopic approaches in pediatric 
population started in 1999 with comparable operative time respect to open procedure 
and decreased hospitalization for stoma procedures [40]. A series in 2004 confirmed 
positive results in 31 patients, including 16 with a history of ventriculoperitoneal 
shunt [41]. The combination of laparoscopy and open reconstruction gained popular- 
ity during time, providing improvement in cosmetic outcomes, similar operative time, 
decreased postoperative stay, and similar long-term outcomes. On the basis of these 
results, the concerns become philosophical: the combination of laparoscopy and open 
surgery by Pfannenstiel incision, with a camera through the umbilicus and extracor- 
poreal reconstruction so avoiding the need for advanced laparoscopic skills, is widely 
feasible [41]. This induces new significant doubts, especially when the complete 
intracorporeal surgical technique has to be performed: Is this procedure truly better 
than others? Is it feasible? Is it safe? Is it effective? [42]. These questions arised inside 
the group that reported one of the first laparoscopic AC cases in pediatric urology 
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series. The procedure is technically demanding as well as the correct selection 
approach and postoperative management. Of course the use of robotic approach sim- 
plified some technical points in pediatric age too [43]. The operative technique starts 
always with cystoscopic stent placement, followed by trocar position: open Hasson 
technique umbilical 12-mm trocar, two 8-mm secondary robotic arm ports laterally, 
and two assistant ports (12 and 5 mm). In a cohort of six patients of average age of 
9.75 years, the mean operative time was 8.4 h, and only one required open conversion 
[44]. New surgical approaches are available, but it has to be remembered that surgical 
reconstruction cannot be effective alone to treat bladder dysfunction [45]. However, 
literature is still lacking of large, prospective, and comparative studies that allow to 
definitively establish the advantages of mini-invasive AC approaches. In addition, it 
has to be considered that the expected increase of using BoNT/A injection to treat 
neurogenic bladder dysfunction will minimize the use of AC in the future years. 


14.6.1 Postoperative Follow-Up 


After surgery, postoperative management is similar in open or laparoscopic/robotic 
techniques. 

Patient discharge from hospital in neurological patients is from 5 to 7 days after sur- 
gery; it depends on general condition and recovery of bowel function. The 24-Ch silicon 
catheter is removed from 14 to 21 days after surgery: 21 days is preferable. The AC 
needs some gentle washing with 20 ml of SS to avoid obstruction due to bowel mucous. 
After removal of the catheter, the AC has a low capacity varying from 200 to 300 ml. 
However, month after month a progressive improvement of bladder capacity and com- 
pliance can be observed. At 6 months, or before, AC reaches a low pressure and a capac- 
ity equal or more than 500 ml. We must recommend our patients to avoid overdistension; 
in fact, some AC ruptures are described, performing regular IC or timed voiding in 
patients with spontaneous voiding using bladder compression. Videourodynamic and 
metabolic controls are recommended at 1 year and a scheduled follow-up. 


14.7 Complications 


Since AC is a major abdominal operation, a variety of early and late complications 
have been reported in the literature. Early complications include deep vein throm- 
bosis and pulmonary embolism in 7.1 %, small bowel obstruction (3-5.7 %), bleed- 
ing requiring reoperation (0-3.2 %), and fistulas (0-20 %). Postoperative myocardial 
infarction rate is reported in up to 2.7 %, small bowel obstruction of up to 5.7 %, and 
wound infection of up to 7.1%. 

Finally, mortality rate from AC is reported to be 0-2.7 %, with higher mortality 
rates in the earlier series and associated with additional procedures [19, 33, 45-47]. 

Long-term complications include failure of AC, metabolic disturbance, bacteri- 
uria, urinary tract stones, incontinence, intermitted self-catheterization, perforation 
of the augmented bladder, and carcinoma [10, 20, 21, 48-51]. 
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Failure of AC, which requires a revision surgery, has been reported in 5—42 % of 
patients [34, 48, 50, 52-59]. Outcomes resulted to be worse in idiopathic detrusor 
overactivity (IDO), with long-term success in as few as 53—58 % compared with the 
higher success rates (x92 %) reported in neuropathic patients [53, 59, 60]. 

Hyperchloremic acidosis is a dysmetabolic complication, well known by urolo- 
gists, following urinary diversion; in AC, it is reported with an incidence of 16% 
[45, 61]. In case of colocystoplasty, hypokalemia due to secretion of potassium by 
the colonic patch should be considered [48]. In case of gastrocystoplasty, hypochlo- 
remic metabolic alkalosis occurs due to loss of gastric acid in the urine [62, 63]. 
Nevertheless, with the introduction of the mini-invasive surgical approaches, the use 
of bowel segment different from distal ileum tract has become obsolete. 

AC lowers intravesical pressure and increases bladder compliance during the 
urine storage phase and, therefore, reflux usually improves or resolves post AC [64]. 

Moreover, although renal impairment has been considered a significant contrain- 
dication, this assessment is now controversial. In neuropathic pediatric patients with 
chronic renal impairment, undergoing to AC showed no change in renal function at 
1.9-year follow-up in 73 % using ileal or colonic segments [29]. 

A variable number of patients need CIC to achieve a complete emptying of the 
augmented bladder, and this may vary from 26 to 100%, with higher rates in the 
neuropathic patients [33, 45, 56, 65]. CIC can be associated with urinary tract infec- 
tion (UTI); bacteriuria is reported up to of 75%, but only 20% are symptomatic 
[45]. Daytime and nighttime incontinence may occur following AC. Bed-wetting is 
attributed to a reduction in urethral closing pressure, relaxation of the pelvic floor 
muscles, increased nocturnal polyuria urine output, and failure of the sphincter to 
increase in tone in response to contractions from the bowel patch during sleep, indi- 
vidually or in combination [31, 66, 67]. Large series have published continence 
rates of 78 % with cystoplasty alone, 85 % with cystoplasty with simultaneous arti- 
ficial urinary sphincter (AUS), and 90% with cystoplasty and subsequent AUS [7, 
45, 68]. Management of incontinence post AC includes CIC, anticholinergic medi- 
cations, further reconstructive bladder neck surgery, urinary diversion, or insertion 
of an artificial urinary sphincter. As reported in literature, these adjuvant treatments 
ensure a continence rate of 80-100 % [45]. 

The formation of bladder stones ranges from 3 to 40 % of AC [7, 49] and is sec- 
ondary to urinary stasis, UTI, and CIC. One study conducted on pediatric patients 
undergoing AC showed a 15 % rate of bladder calculi [50] which are five times as 
common in patients who use CIC after AC and ten times as common in patients with 
Mitrofanoff [51, 69]. Furthermore in cases where AC is combined with ureteric 
reimplantation, a non-refluxing ureteroneocystostomy should be considered to 
reduce the risk of upper tract reflux and calculi [51, 69]. Other complications which 
rarely occur are represented by the formation of diverticula and spontaneous blad- 
der perforation [7, 59]. 

The latter is a life-threatening complication with a reported mortality of up to 
25 % of cases [70]. The most usual site of perforation is the junction between the 
bowel and bladder wall and rupture may be explained by local ischemia of this area 
[71]. Most lesions are intra-abdominal, and exploratory laparotomy is warranted in 
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clinical cases of suspected bladder rupture as the diagnosis can often only be made 
intraoperatively [70, 72]. 

Cancer risk has been estimated to be 1.2% with a long latency period (19- 
22 years) [73-76]. Adenocarcinoma is the most common histologic type although 
transitional cell carcinomas have been reported too. 


Conclusion 

AC retains a role in modern urological practice, especially in refractory OAB and 
in the pediatric population. The long-term outcome complications are well docu- 
mented in the literature. Although less-invasive procedures such as intravesical 
injection of BoNT/A are progressively reducing the indication for AC in neuro- 
logical patients, there is a new trend of patients who are needing long-term solu- 
tion such as AC, due to a lower efficacy of BoNT/A after several repeated 
injections so that AC still has a role in the surgical treatment of the low-compli- 
ant bladder, and tissue engineering associated with mini-invasive procedure 
could be the future solution as an alternative to new neuromodulation approaches. 

Laparoscopic and robotic approaches to configure AC are feasible, effective, 
and easily reproducible in high-volume centers where surgical expertise allows a 
routine adoption of sophisticated techniques requiring bowel management and 
its reconfiguration. 

As a further statement, we should consider that exciting new methods of blad- 
der tissue engineering are under study, and they are likely to play a role in urinary 
tract reconstruction including bladder augmentation, so that the future is yet to 
come. 
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